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PREFACE. 


IN  presenting  the  second  volume  of  '•  Safe  BuUdbuj  "  to  the  public, 
a  few  words  of  explanation  seem  in  place. 
In  the  preliminary  announcement  it  was  said  tliat  there  might 
"possibly"  be  added,  chapters  on  Drainage,  Plumbing,  Heating, 
and  Ventilating ;  the  work,  however,  is  of  sufficient  length  without 
these  subjects,  and  as  they  really  form  separate  studies  from  those 
of  construction,  it  has  been  thought  best  to  omit  them. 

"While  the  first  volume  of  this  work,  which  has  been  before  the 
public  for  several  years,  has  been  favorably  received,  criticisms 
have  been  made  on  the  absence  of  an  index  and  on  the  meagre 
treatment  of  iron  constructions.  These  wants  are  supplied  by 
Volume  II.  The  writer  believes  that  no  fuller  or  clearer  treatment 
of  riveted  girders,  or  of  truss  work  generally  has  been  published 
than  will  be  found  in  this  volume ;  while  he  has  personalbj  prepared 
the  index  with  the  greatest  care,  in  order  to  adapt  the  work  for 
reference,  as  well  as  for  study.  The  reference  tables  at  the  end  of 
Volume  n  have  all  been  newly  made  up  and  carefully  corrected ; 
they  are  so  numerous  that  it  is  believed  that  every  table  needed  by 
an  architect  in  his  practice  will  be  found  there,  avoiding  the 
necessity  of  other  hand-books.  Throughout  both  volumes  the  writer 
has  carefully  read  all  proofs  to  hisure  correctness. 

The  work  has  extended  over  several  years;  this  has  not  been  due 
to  any  lack  of  enterprise  or  liberality  on  the  part  of  the  publishers  ; 
but  to  the  fact  that  the  study,  writing,  and  proof-reading  had  to  be 
done  in  such  time  as  the  writer  could  secure  outside  the  duties  of  an 
exacting  professional  practice. 
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CHAPTER    VIII. 

THE    NATURE    AND    USES    OF    IRON    AND    STEEL. 

IITHE  introduction  of  tlie  use  of  iron  into  the  construction  of  build- 
X  i"o^  ^^^  practically  revolutionized  modern  architecture ;  the 
introduction  of  steel  promises  to  make  equally  great  changes. 
The  cost  of  these  materials  is  comparatively  so  much  greater  than 
the  ordinary  materials  used,  such  as  brick  and  wood,  and,  again,  the 
uniformity  of  their  composition  and  strength  is  such,  that  in  tlieir  use 
the  smallest  factors-of-safety  are  used ;  that  is,  the  size  of  material 
used  is  very  much  more  nearly  equal  to  its  ultimate  strength  than 
is  the  case  when  using  cheaper  or  less  uniform  materials.  Where, 
thi'rcfore,  we  "  run  so  closely  to  the  wind,"  it  is  essential  that  the 
nature  and  use  of  the  material  be  thoroughly  understood  by  the  arch- 
Three  Kinds  of  itect.  Iron  is  used  in  three  different  kinds  in  build- 
Iron,  iijg  .  namely,  wrought-iron,  steel,  and  cast-iron. 
Each  nas  its  uses  and  merits,  and  its  disadvantages.  All  are  really 
but  iron  in  different  combinations.  Their  differences  depend  mainly 
on  the  amount  of  carbon  they  contain.  The  more  carbon,  the  more 
brittle,  but  harder  is  the  iron.  The  less  carbon,  the  more  llexible 
and  elastic,  but  softer  is  the  iron. 

Wrought  or  rolled  iron  is  the  softest,  tliat  is  iron  in  its  purest  form. 
As  it  combines  with  itself  a  small  amount  of  carbon,  it  becomes  soft 
steel.  The  absorption  of  more  carbon  makes  harder  steel,  until 
finally  it  becomes  cast-iron.  Pure  or  real  metallic  iron  does  not 
occur  in  nature,  in  commercial  (juantities,  if  at  all.      It  is  extracted 
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Iron  Ores.  from  the  various  ores  of  iron,  the  chief  of  which  are 

known  as  magnetite,  red  and  brown  hematite,  hmanite,  siderite,  etc., 

being  various  combinations  of  iron,  with  oxygen,  forming  oxides;  of 

carbon  and  oxygen  forming  carbonates  ;  and  of  hydrogen  and  oxygen 

forming  hydrates.     Other  minerals,  rich  in  ii'on  ore,  are  found,  but 

cannot  be  used  in  the  manufacture  of  irons,  on  account  of  the  large 

percentages  of   sulphur,  copper,  phosphorus    and  other    substances 

they  contain,  which,  if  present  in  the  finished  product  even  to  the 

smallest  extent,  render  it  unfit  for  most  uses. 

In  the  manufacture  of  pig-iron,  the  ore  —  or  preferable  an  intelli- 

o-ent  mixture  of  ores —  is  smelted  in  a  blast  furnace  with  the  addi- 

„        ,     ^         ,  tion  of  coal  or  coke  (or  a  mixture  of  both),  as  fuel, 
Manufacture  of  ^  , ,  , 

Pig-Iron.  and  limestone,  or  some  substitute,  as  a  "  flux." 
The  blast  furnace  itself  is  roughly  of  the  form  of  an  upright 
hollow  cylinder,  sometimes  100  feet  high,  but  usually  from  50  to  80 
feet  high  and  from  20  feet  to  25  feet  in  diameter.  The  structure 
Blast  Furnace,  has  a  strong  masonry  foundation  on  which  rest  about 
eight  cast  or  wrought  iron  columns,  some  10  to  20  feet  in  height. 
These  sustain  a  plate-iron  casing  enclosing  the  whole  furnace  from 
bottom  to  top.  Inside,  the  furnace  is  of  the  shape  of  two  truncated 
cones,  placed  base  to  base  over  each  other,  with  a  short  cylinder  at 
Hearth  and  ^^^  bottom,  being  thus  somewhat  narrower  at  the  top 

Crucible.  and  bottom.  The  bottom  of  the  furnace  is  called 
the  "  hearth ; "  about  5  feet  to  7  feet  above  the  hearth  is 
the  "  crucible ;  "  from  hearth  to  crucible  the  furnace  is  cylindrical 
and  from  6  feet  to  12  feet  diameter.  From  the  crucible  to  the 
"  bosh  "  which  is  some  20  feet  to  30  feet  above  the  hearth,  the  fur- 
nace enlarges  to  some  14  feet  to  20  feet  diameter,  sometimes  even  25 
feet  diameter.  From  here  to  the  "  throat "  which  is  the  extreme 
top,  the  furnace  narrows  down  again,  being  some  10  feet  to  15  feet 
diameter  at  the  top.  The  furnace  is  lined  inside  with  an  infusible 
lining  of  fire-brick,  and  the  charging  of  ore,  flux  and  fuel  is  kept  up 
constantly,  and  of  course  the  fire  and  smelting  process  kept  going, 
without  stop,  barring  accidents,  for  many  months  at  a  time,  and  until 
this  lining  gives  out ;  as  a  rule,  the  fire  is  continuous  for  from  two  to 
four  years.  The  lower  end  of  the  furnace  is  closed  save  for  an 
orifice  at  the  bottom  pierced  through  the  walls  about  horizontally 
and  known  as  the  "  hearth."  In  this  pit  the  melted  iron  as  it  is 
reduced,  being  heavier  than  the  flux,  impurities  or  fuel,  settles  down 
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and  collects,  until  sufficient  is  obtained  to  justify  the  tapping  or  with- 
drawal of  the  plug  from  the  orifice,  when,  of  course,  the  pressure 
from  above  forces  out  the  molten  iron,  which  being  thus  withdrawn 
Casting  Pig-  fl^^^s  o*^  through  dikes  and  furrows  in  the  sand  of 
■•■o"'  the  casting-house  floor.     This  tapping  is  done  from 

three  to  four  times  every  twenty-four  hours.  The  main  or  feed 
channels  through  which  the  metal  flows  off  directly  from  the  furnace 
are  known  as  the  "sows";  at  right  angles  to  these,  at  frecjuent 
intervals,  are  the  short  furrows  known  as  the  "  pigs."  These  are  of 
convenient  size  for  handling,  and  when  cooled,  are  broken  from  the 
"  sows  "  and  form  what  is  known  in  commerce  as  "  pig-iron." 

Just  under  the  crucible,  that  is,  above  the  level  to  which  the 
melted  iron  is  allowed  to  rise  in  the  hearth,  or  some  3 J  feet  to  6  feet 
above  the  hearth,  there  are  from  five  to  eight  radial  openings  in  the 
walls  of  the  furnace  admitting  the  "  tuyeres "  which  are  blast 
nozzles,  cooled  by  the  circulation  of  water  in  them,  and  through 
which  hot  or  cold  air  is  forced  horizontally  into  the  blast  furnace. 
Hot  and  Cold  The  product  is  known  accordingly  as  "  hot  blast"  or 
Blast.  "cold  blast."      The  pressm-e  under  which  this  air 

has  to  be  forced  in,  varies,  according  to  circumstances,  between  3 
and  13  pounds  per  square  inch. 

As  already  remarked,  the  walls  of  the  furnace  widen  out  above 
this  forming  what  is  known  as  the  "  bosh  "  or  the  main  body  of  the 
furnace.  Above  this  the  walls  usually  narrow  down,  the  narrowing, 
however,  depending  upon  the  ore  used  or  the  product  desired.  This 
part  is  called  the  "  stack."  In  the  bosh  and  in  the  stack  the  distinctive 
phenomena  of  the  blast-furnace  mainly  take  j)lace.  The  top  where 
the  walls  always  narrow  down  considerably,  forming  the  "throat"  of 
the  furnace,  is  usually  closed  nowadays  by  a  cone  drawn  up  against 
a  conical  hopper,  and  only  opened  to  allow  of  the  charging  of  ore, 
M\  and  fuel,  which  is  done  in  alternate  layers,  after  lowering  the 
cone  a  little.  The  cone,  of  course,  being  again  drawn  up  tightly 
into  place,  after  the  charging.  The  furnace  is  kept  constantly  full, 
Charging  ^^  ^he  throat,  being  charged  as  often  as  the  material 

Furnace,  settles  or  is  withdrawn.  The  charge  usually  con- 
sists, first,  of  from  1  to  3  tons  of  fuel  —  (coal,  or  coke,  or  both)  — 
and  then  a  mi.xture  of  ores  in  proportion  of  H  ton  of  ore  to  each  ton 
of  fuel.  After  this  the  limestone  or  flux  is  put  in,  being  in  weight 
from   40  per  cent  to  GO  per  cent  of   the  ore.      The  materials  are 
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hoisted  to  the  top  in  iron  barrows  by  proper  machinery.  Where  the 
tops  of  furnaces  are  kept  closed,  tlie  blast  —  (or  heated  gases  at 
the  top)  —  is  conducted  off  through  flues  immediately  underneath 
and  around  the  top.  Part  of  these  heated  but  otherwise  waste  gases 
Hot  Blast.  are   then    passed  through  iron   flues   to   the   brick 

chambers,  called  "  hot  blast  stoves,"  or  around  iron  pipes,  and  serve 
to  heat  the  "  blast  "  or  feed  draught  of  the  furnace,  where  a  "  hot 
blast "  is  used,  thus  saving  fuel,  increasing  the  output  and  effecting  a 
considerable  change  in  the  nature  of  the  pig-iron. 

The  air  for  the  hot  blast  is  heated  by  passing  it  through  the  above 
mentioned  iron  pipes  around  which  the  gases  play  ;  or,  where  the 
brick  chambers  are  used,  the  gases  are  turned  into  the  chambers 
alternatelv,  that  is,  one  after  another  until  the  brick  linings  of  one 
set  of  chambers  are  highly  heated  ;  the  gases  are  then  turned  into 
the  alternate  set  of  chambers  and  the  air  to  be  used  in  the  hot  blast 
is  admitted  to  the  first  set  and  becomes  quickly  heated  to  a 
temperature  of  from  900°  to  1500°  F.  by  contact  with  the  hot  bricks. 
As  these  cool  the  process  is  reversed,  the  alternate  chambers  being 
now  used.  These  chambers  are  about  1  7  feet  diameter,  60  feet  high 
cvlinders  of  plate-iron,  made  air-tight  and  lined  with  fire-brick. 
The  interior  being  lined  with  a  mass  of  intersecting  flues  of  fire- 
brick. The  balance  of  the  hot  gases  which  do  not  pass  to  these 
chambers  are  used  to  heat  the  boilers,  which  supply  the  necessary 
steam-power  for  the  hoisting  machinery,  forced  blasts,  etc. 

The  process  of  smelting  ores  into  pig-irons  is,  then,  roughly  this : 
The  ore,  flux  and  fuel  are  charged  into  the  furnace  from  the  toj?,  in 
alternate  layers  at  stated  periods.  A  fierce  fire  is  kept  going  and 
supplied  with  the  necessary  air  (either  hot  or  cold)  for  combustion  at 
Description  of  *-^^®  bottom  by  means  of  a  forced  draught.  As  the 
Process.  above  layers  descend  in  the  furnace  they  change 
their  nature.  The  fuel  gives  out  carbonic  oxide  which  reduces  the 
iron.  The  latter  gradually  separates  from  its  impurities  and  com- 
bines with  more  or  less  carbon  from  the  fuel.  The  ashes  of  the  fuel 
and  impurities  of  the  ores  combine  with  the  flux  (the  melted  lime- 
stone), and  when  all  reaches  the  bottom  we  have  the  pure  melted 
iron  (with  more  or  less  carbon)  at  the  very  bottom  or  hearth ;  over 
this,  in  the  crucible,  float  the  melted  flux  and  combined  impurities ; 
above  come  layers  of  less  perfect  iron,  flux,  partly-consumed  fuel, 
and  so  on  to  the  top.      Before  drawing  off  the  melted  iron  at  the 
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bottom,  the  impurities  and  flux,  known  as  the  "slag,"  immediately 
above  the  melted  iron,  are  first  drawn  off.^ 

To  be  more  technical  in  the  above  description,  we  should  say  that 

Chemical  t'^^   °^'^^    of    iron,   whether   oxides,   carbonates   or 

Process,  hydrates,  are  reduced    either  by  their  preparatory 

roasting  or  during  their  early  passage  down  the  top  of  the  furnace 

shaft  to  the  state  of  oxide  of  iron  (ferric  oxide). 

The  ensuing  reaction  in  the  furnace  is,  therefore,  for  all  practical 
purposes,  the  reduction  of  this  ferric  oxide  (Fco  O^)  when  red  hot  by 
the  action  of  carbonic  oxide  (C  O)  produced  by  the  incomplete  combus- 
tion of  the  fuel  farther  down  the  furnace.  The  iron  gives  up  its  oxyo-en 
to  the  carbonic  oxide  leaving  metallic  iron  (which  then  takes  up  with 
some  carbon)  and  carbonic  dioxide  (C  Oo)  which  passes  away  in  the 
waste  gases.  It  should  be  noted  here  that  pure  metallic  iron  is 
infusible  at  the  temperature  obtainable  in  the  blast-furnace.  Its 
combination  with  carbon,  however,  to  the  extent  of  from  2  per  cent 
to  5  per  cent  renders  it  easily  fusible,  and  constitutes  the  pig  or  cast 
iron.  Were  it  not  for  this  fact  the  blast-furnace  would  be  impracti- 
cable, as  can  be  readily  imagined. 

The  mission  of  the  limestone  or  other  fluxes,  is  mainly,  when 
melted,  to  effect  a  more  ready  fusion  or  separation  of  the  earthy 
Use  of  Flux.  impurities  or  "  gangue  "  in  the  ore  and  to  take  up 
the  ashy  remnants  of  the  fuel.  It  is  found  that  the  earthy  bases  are 
more  fusible  to  an  exti-aordinary  degree  when  they  are  present 
together  in  numbers.  Further,  the  addition  of  lime  takes  care  of 
the  silica  present  in  the  ores,  which  otherwise  would  unite  with  the 
iron,  forming  silicates  of  iron,  which,  though  fusible,  are  difiicult  of 
reduction,  and  further  prevent  to  a  certain  extent  the  taking  up 
of  carbon  by  the  reduced  iron,  thus  entailing  a  waste  in  two  ways. 
The  ordinary  gangue  or  matrix  of  iron  ore  itself  is  clayey  (ar<Tilla- 
ceous)  or  quartzose  (silicious).  The  addition  of  lime  or  limestone 
(or  dolomite)  results  in  the  formation  of  a  "slag"  which  is  readily 
fusible  at  tlie  existing  temperature.  This  slag,  which  when  cold 
somewhat  resembles  bottle-glass,  is  much  lighter  than  the  molten  iron, 
and  as  it  collects  above  it,  is  drawn  off  just  Ijefore  casting  from  the 
surface  of  the  melted  iron  in  the  hearth  through  openings  placed  at 
the  proper  level,  just  below  the  crucible. 

'  TliiH  slag  forms  the  basis  of  llio  "  mineral  wool,"  largely  uscil  for  various  jiur- 
poaes. 


SAFE    BUILDING. 


All  Scotch  irons  :  used  as  softeiiers,  in  connection 
with  scrap-iron  or  lower  grades  of  American  pig- 
iron  for  cheap  and  inferior  castings. 


English  Bessemers  :  are  soft  and  strong  and  are 
used  in  place  of  best  Scotch  iron. 


To  undertake  to  enumerate  all  of  the  brands  of  pig-iron  used  in 
Brands  of  casting  would  be  an  endless  task.     A  few,  however, 

Pig-iron,  jjj^y  |jg  ]jgj.g  mentioned. 
Amongst  those  principally  used  in  the  New  York  mjirket  are  : 

Coltness,  1 

Summerlee, 

Shotts, 

Langloan, 

JDalinellington, 

<'lyde, 

Eglinton, 

Glengarnock, 

Gartsherrie. 

Cleator, 

Lowther, 

Lonsdale. 

Manhattan.  (New  York), 

Low  Moor,  (Virginia), 

Thomas,  (Penn.), 

Crane,  (Penn.), 

Musconetcong,  (Penn.), 

Sloss,  (Alabama), 

Woodward, 

Spearman, 

Carbon, 

Granger, 

South  Pittsburgh, 

Alice, 

Citico, 

Chattanooga, 

Hudson, 

Cold  Spring, 

Sheridan, 

Leesport, 

Coleraine, 

Brier  Hill, 

Secaucus, 

Castle, 

Poughkeepsie, 

Copley, 

Glendon, 

Andover, 

Taylor, 

Cornwall, 

Bethlehem, 

Stanhope, 

Allentown, 

Harry  Clay, 

Harrisburg, 

Mill  Creek.  J 

All  pig-irons  are  graded  in  three  kinds,  namely.  Mill  iron,  Foundry 

Cradingof  iron  and  Bessemer  ^  iron.      Each  of  these  is  again 

Pig-iron,  subdivided  into  the  following  six  grades  : 

Ko.  1,  No.  2,  No.  3,  Grey  Forge,  Mottled,  AVhite. 

1  For  makers'  names  and  addresses,  see  "  The  Directory  of  the  Iron  and  Steel 
"Works  of  the  United  States,"  published  by  the  American  Iron  and  Steel  Associ- 
ation, 261  S.  4th  Street,  Philadelphia. 

2  Any  foundry  iron  which  is  sufficiently  low  in  phosphorus  (not  over  0,1  per 
cent)  and  silicon  can  be  used  in  the  Bessemer  process. 


All  American  brands. i  The  Manhattan  is  very 
fine ;  Secaucus  and  Castle  are  very  strong ; 
Thomas  and  Glendon  are  very  popular  and  their 
Nos.  1  and  2  largely  used  for  strong  and  good 
castings.  The  last  three  on  the  list  are  weak 
and  soft  cinder  irons  and  are  unfit  for  architect- 
ural uses,  being  used  principally  for  stove-plates 
and  pipe  making. 
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"  No.  1  "  is  the  best  and  strongest,  "  Xo.  2  '  the  next  best,  and  so 
on  to  the  "  "White,"  which  is  the  poorest  quaUty.  Grey  irons  contain 
more  graphitic  carbon  and  are  softer  and  more  fusible  than  white 
irons,  which  contain  more  combined  carbon,  and  are  much  harder 
and  more  brittle. 

If  the  pig-iron  on  fracture  is  dark  grey  with  spots  it  is  soft  and 
will  run  freely  into  the  mould,  making  a  good  casting  but  not  a 
strong  one.  Black  specks,  if  present,  mean  carbon.  If  the  carbon 
in  the  iron  is  chemically  combined,  it  will  show  white  metal,  with  no 
specks,  on  fracture,  in  which  case  the  iron  is  very  hard  and  brittle 
and  will  not  flow  easily  into  the  mould,  but  will  make  a  very  strong 
casting. 

For  rolling  or  mill  woi-k  the  most  used  are  the  Nos.  2  and  3,  Grey 
Forge  and  jNIottled  of  the  mill  irons.  For  castings  the  most  used  are 
the  Nos.  1,  2  and  3  and  Grey  Forge  of  foundry  irons;  the  Mottled 
and  White  being  usually  sold  for  cheap  mill-work. 

For  steel  the  iron  should  be  as  free  as  possible  from  phosphorus 
and  sulphur,  and  the  same,  so  far  as  possible,  for  rolled-iron.  The 
presence  of  these  makes  iron  fluid  and  soft  and  good  for  fine  castings, 
but  unfits  it  for  rolling  or  forging. 

Irons  for  mill  and  steel  work  are  usually  much  stronger  than  for 
foundry  work. 

Scotch  irons  are  used  in  castings  to  make  the  melted  iron  more 
Scotch  fluid,  to  soften  it;  but  they  greatly  weaken  the  cast- 

Softeners,  iijg.  For  very  fine  castings,  Coltness  is  the  best  and 
softest.  For  ordinary  architectural  castings,  such  as  columns, 
lintels,  etc.,  either  Glongarnock  or  Eglinton  (both  Scotch  irons)  can 
be  used  ;  using  one-third  Scotch  to  two-thirds  of  some  good  American 
iron ;  using  Nos.  1  and  2  of  the  latter  in  equal  j)roportions. 

Sloss  (American)  iron  is  now  frequently  used  by  good  manu- 
facturers as  a  softener  in  place  of  Scotch  iron. 

For  good  and   yet  strong  castings,  use  Thomas,  Crane,  Copley, 

Strong  INIanhattan,  Low  Moor,  Glcndon  or  Coleraine.     Add 

Pig-lrons.   Sloss   or    Scotch  for  extra  fine   castings.      Or  add 

Glcndon,  Secausus  or  Castle  for  extra  strong  castings,  using  the  No. 

1  mill  irons  for  the  strongest  work. 

For  rolled  iron-work  use  Glcndon,  Andovcr,  Taylor,  Thomas, 
Stanhope,  Allentown,  Cornwall  or  Bethlehem.  The  latter  two  being 
used  for  steel. 
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In  every  case  the  better  (lualities  (Xos.  1  and  2)  will,  of  course, 
give  the  best  results. 

Unwin  compiles  (from  a  paper  published  by  jMr.  Turner  in  the 
Transactions  of  the  Iron  and  Steel  Institute  of  1885)  the  following 
Tables  of  percentages,  density  and  weight,  for  cast-iron : 

TABLE   XXYI. 

ANALYSIS  OF  CAST  IRONS. 


Grea 


est  softness 

hardness 

general  strength . . . 

stiffness 

tensile  strength — 
crushing  strength, 


Combined 
Carbon. 

Graphitic 
Carbon. 

Silicon. 

0,15 

3,1 

2,5 

under  0,8 

0,50 

2,8 

1,42 

1,0 

1,8 

about  0,8 

over  1,0 

under  2,6 

TABLE   XXVII. 

DENSITIES  AND  WEIGHTS  OF  CAST  IRONS. 


Material. 


Weight  per  cubic 
foot  in  lbs. 


Dark-grey  foundry-iron . 

Grey  foundry-iron 

Mottled  foundry-iron. ... 
Wliite  iron ■ 


For  wrought-iron  Unwin  gives  this  analysis  : 

Carbon  0,02  to  0,25  per  cent;  Manganese  0,0  to  0,3  per  cent; 
Silicon  0,0  to  0,2  per  cent;  Sulphur  0,0  to  0,015  per  cent;  Phos- 
phorus the  same,  and  Pure  Iron  99  to  99,5  per  cent. 

For  steel,  of  course,  the  proportions  vary  greatly  with  the  amount 
of  carbon  it  contains. 
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From  pig-iron  is  produced  cast-iron,  steel  and  wrought -iron. 
Castings  are  generally  made  from  pig-iron.  In  some  rare  cases 
cheap  castings  are  made  the  same  as  the  pig-iron,  from  the  "first 
melting,"  that  is,  directly  from  the  molten  ore.  Most  castings,  how- 
Manufacture      ^'^'^''')  ^I'G    made  from  the  second    melting,  that    is, 

of  Cast-iron,  the  pig-iron  is  re-melted  in  a  cupola  or  reverhatory 
furnace  with  more  llux  to  take  up  any  remaining  impurities,  and  the 
molten  mass  run  out  into  the  moulds.  The  second  melting  makes  of 
Moulds  flask  course  very  much  better  work.  The  moulds  gcner- 
and  core,  ally  consist  of  a  wooden  flask  or  box,  made  in  parts 
which  are  secured  together  by  clamps,  the  parts  generally  being 
halves,  top  (cope)  and  bottom.  This  flask  is  filled  all  around  the 
inside  with  a  lining  of  a  special  dampened  black  or  green  (fascia) 
sand  ;  into  this  sand  the  mould  or  pattern  of  the  outside  of  the  cast- 
ing is  pressed  and,  after  ramming  the  sand,  removed,  leaving,  of 
course,  the  impression  of  the  outside  of  casting.  The  core  is  then 
secured  into  position  in  the  flask.  The  core  is  the  reverse  of  the 
mould  being  sometimes  a  sand  pattern  covered  on  the  outside  with  a 
similar  rammed  sand  made  to  fit  the  hollow  spaces  on  the  inside  of 
the  castings,  and  stiffened  with  an  iron  piece  called  the  "  arbor,"  but 
usually  made  of  a  baked  mixture  of  sand  and  clay  or  flour,  which 
forms  a  friable,  infusible  mass,  which  can  be  easily  broken  up  and 
removed  after  the  casting  has  cooled.  The  top  flask  is  then  secured 
over  the  whole,  and  the  molten  metal  is  run  in  tiaroiigh  convenient 
holes  left  through  the  flask,  until  all  the  space  between  the  core  and 
mould  is  filled  with  metal.  The  gases  generated  escape  through 
holes  left  in  the  cope,  and  from  the  core  by  putting  iron  rods  along 
the  arbor  which  are  withdrawn  before  casting.  The  whole  is  then 
covered  with  sand  and  allowed  to  cool  slowly  if  of  varying  thick- 
ness ;  if  the  casting  is  long  and  thin  it  is  "  stripped  "'  of  the  moulding 
sand  to  prevent  warping.  The  inside  of  the  mould  is  frecpiently 
painted  with  coal  dust  or  charred  oak,  or  dusted  with  flour  of  plum- 
bago, which  generates  hot  gases  tluit  prevent  the  too  quick  chilliug 
of  the  external  surfaces  of  the  casting  by  the  dampened  sand  and 
makes  a  clearer  surface  finish.  When  cold  the  top  flask  is  lifted  off, 
tiie  arbor  withdrawn  and  the  fiiiislicd  casting  removed  from  the 
bottom  flask.  The  casting  is  then  chipped  off  and  finished.  Small 
and  cheap  castings,  such  as  separators,  are  revolved  in  a  rumble  (a 
sort  of  barrel)  for  the  finishing  process.       It  will  be  seen,  therefore, 
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that  the  most  economical  castings  will  be  those  which  are  so  designed 
Economical  ^^^^^  ^^^®  pattern  can  be  easily  withdrawn  and  the 
Castings,  flask  readily  made  in  simple  parts ;  in  which  case 
it  is  only  necessary  to  line  the  flask  with  a  fresh  layer  of  sand 
for  each  casting.  Whenever  possible,  castings  should  be  made  in  an 
upright  position  (the  metal  being,  of  course,  run  in  from  the  top),  as 
the  long  core,  if  horizontal,  being  unsupported  except  at  its  ends  is 
apt  to  sag  in  the  centre,  or  float  with  the  metal,  making  uneven 
thicknesses  in  the  casting  above  and  below  the  core.  To  avoid  this 
the  core  should  be  supported  by  small  iron  "chaplets,"  which  mix 
and  combine  with  the  casting.  There  is  also  danger  of  slag  and  other 
impurities  that  may  be  carried  into  the  mould  floating  to  one  side. 
In  upright  castings  or  where  there  are  large  vents  they  will  float  off 
on  top.^  To  discover  whether  the  casting  is  or  is  not  uneven,  the 
architect  should  have  every  column  or  long  hollow  casting  "  tapped  " 
■nsoection  bv  ^^  about  midway  of  its  length.  Tapping  consists  of 
Tapping,  drilling  a  hole,  about  three-eighths  of  an  inch  diam- 
eter through  the  shell.  A  small  wire  with  the  end  bent  at  right 
angles  is  inserted  in  the  hole  ;  the  bent  part  is  drawn  closely  to  the 
inside  of  shell  and  the  outside  of  shell  marked  on  the  wire,  which  on 
being  withdrawn  gives  the  exact  thickness  of  shell.  In  case  of 
rectangular  or  round  castings  there  should  be  four  such  holes  bored, 
two  opposite  each  other  and  the  other  two  the  same,  but  at  right 
angles  to  the  line  of  the  first  two.  All  of  course  in  the  same  plane, 
and  about  midway  of  the  length  of  casting. 

The  amount  of  metal  in  the  shell  is  then  readily  ascertained,  also 
whether  the  casting  is  of  even  thickness. 

For  a  good  strong  casting  it  is  very  essential  that  all  parts  should 
Even  thickness  l^^  designed  (and  cast)  of  even  thickness.  Castings 
best.  of   uneven    thickness   vary  greatly  in   strength  for 

two  reasons.  For  some  reason  not  thoroughly  understood,  though 
generally  attributed  to  the  influence  of  the  gases  produced  in  the 
flask,  the  outside  layers  or  "  skin  "  of  castings  is  supposed  to  be  very 
much  stronger  than  any  other  part.  The  metal  on  the  inside  seems 
to  diminish  in  strength  the  farther  it  lies  from  the  outside.     (Experi- 

1  On  the  muzzle  end  of  cannons  are  cast  heavy  "  sink  heads,"  which  contain 
the  greater  part  of  all  impurities,  leaving  the  good  solid  material  for  the  guns 
proper.  In  heavy  castings  a  flow  or  i>athway  is  provided,  more  metal  is  poured 
than  needed,  and  as  it  flows  off  it  carries  with  it  the  dirt  and  Impurities. 
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merits  as  to  whether  the  skin  does  or  does  not  add  strength,  however, 
are  contradictory,  the  latest  seeming  to  disprove  the  theory  of  its 
extra  strength.) 

It  is  found,  however,  by  actual  experiment  that  castings  from  tlie 

Thin  castings      same  metal,  made  at  the  same  time,  vary  according 

strongest,  to  their  thickness  in  strength,  the  thinnest  being  the 

strongest  in  proportion  to  their  metal,  and  the  thickest  the  weakest. 

Another  serious  objection  to  imeven  thickness  in  castings  is  the 
uneven  cooling ;  that  is,  the  thin  parts  cool  before  the  thicker  ones, 
and  the  consequence  is  the  production  of  internal  strains  in  the 
metal,  the  parts  which  have  cooled  rapidly,  contracting  and  pulling 
away  from  the  other  parts.  This  means  tension,  and  a  constant 
tension  right  in  the  metal  and  before  any  external  strains  come  upon 
it;  this  frequently  is  the  cause  of  the  sudden  and  otherwise  inex- 
plicable failure  of  the  casting. 

It  is  essential,  therefore,  that  not  only  should  cast-iron  cool  evenly. 
Danger  of  Sud-  ^^^  ^^^°  ^^  slowly  as  possible,  to  allow  the  contract- 

aen  Cooling.  i„g  parts  to  relax.^  It  is  well-known  that  if  a  cast- 
ing—  column  or  lintel  for  instance  —  be  heated  in  afire  and  then 
suddenly  be  cooled  by  a  stream  of  water  played  against  it,  that  it  is 
liable  and  likely  to  snap  in  two  from  the  sudden  tension  put  on  the 
metal  in  rapid  cooling.  For  this  reason  all  such  castings  should  be 
surrounded  with  non-conducting,  fireproof  materials  wherever  placed 
in  inflammable  buildings,  or  surrounded  by  inflammable  goods. 

Another  essential  in  good  castings  is,  not  to  have  them  too  big  and 
Big  castings  tqavy  ;  otherwise  it  is  impossible  to  keep  the  entire 
bad.  mass  of  same  fluidity ;  that  is,  to  prevent  parts  from 
cooling  before  other  parts  have  yet  been  filled  with  molten  metal. 
The  result  of  such  castings  is  apt  to  be  weak  from  internal  strains, 
due  to  unequal  casting  and  cooling,  to  be  weak  on  account  of  the 
thickness  of  the  metal,  and  to  be  spongy  or  filled  with  air  bubbles, 
due  to  the  gases  escaping  at  one  end  and  mixing  with  the  molten 
metal  running  in  at  the  other  end.  Sand-holes  in  castings  are,  of 
course,  due  to  the  use  of  a  poor  quality  of  sand  or  improper  ramming 
or  to  the  presence  of  dirt,  scum  or  other  impurities.  ^ 

'  Whcu  castings  of  unequal  tbickiiessea  aro  reqiiireil,  as  ft)r  instance  in  lly- 
wlieels  and  inillcys,  the  strains  from  nn(?qual  shrinliago  are  preventeil  by  so 
reniovinj;  tlie  saiiii  from  the  hot  casting  as  to  have  all  parts  cool  together.  The 
thin  parts  or  arms  hejng  kept  covered  until  the  Inavier  rim  and  hub  have  been 
hurried  in  cooling  by  uncovering  them. 
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Another  essential  in  good  castings  is  to  round  all  angles,  that  is, 

-     ,^    ,,    .  not  to  go  abruptly  from  one  surface  to  another  at  a 

Avoid  all  sharp  a  i     j 

angles.  right  or  sharp  angle  to  the  first :  this,  for  the  same 
reason  that  uneven  thickness  is  avoided,  namely,  the  danger  of  internal 
tensional  strains. 

In  casting  plates  it  is  desirable  to  have  a  large  circular  hole,  if 
possible,  in  the  centi-e  of  the  plate,  or  else  several  holes,  which  will 
largely  prevent  the  great  strain,  in  cooling,  on  the  centre  of  the 
mass. 

The  contraction  of  cast-ii-on  in  cooling,  from  its  bulk  when  fluid 
Shrinkage  in  depends  on  its  thickness  and  its  mixture.  It  is 
Castings,  about  ^"  per  foot  for  thin  castings,  for  castings  1^" 
thick  about  ^^"  pci'  foot,  and  for  castings  2"  thick  about  ^^g"  per 
foot.  The  moulds  and  patterns  are,  therefore,  made  correspondingly 
larger  than  required  by  the  architect's  drawings. 

All  that  has  been  said  of  iron-castings  applies  equally  to  steel- 
Steel-castings.  castings.  But  as  these  are  made  at  a  temperature 
some  700°  to  800°  F.  higher  than  for  cast-iron,  the  contraction  is,  of 
course,  much  greater,  and  also  the  danger  from  unequal  shrinkage. 
To  avoid  this,  steel-castings  are  usually  annealed,  that  is,  left  for 
some  24  hours  in  a  furnace  at  1700°  F.  —  (the  melting  jDoint  being 
about  3500°  F.)  —  and  are  then  allowed  to  cool  slowly. 

In  the  manufacture  of  rolled  or  wrought  iron  the  pig-iron  forms 
Manufacture  of  ^^^*^  basis,  but  is  sometimes  first  refined,  though  in 
Wrought-iron.  many  of  the  grades  the  refining  is  omitted.  This 
refining  consists  in  the  conversion  of  the  carbon  contained  in  the 
pig-iron  from  the  graphitic  to  the  combined  state.  This  is  done  .by 
breaking  the  pig-iron  into  convenient  lengths  for  handling  and  melt- 
ing the  iron  and  adding  to  it  different  substances  to  attract  and 
remove  the  earthy  inqjurities.  To  reduce  the  carbon  the  most  usual 
process  is  the  forcing  of  strong  currents  of  air  through  tuyeres  down- 
wards onto  the  melted  mass,  which  stirs  it  up  and  uniting  with  the 
carbon,  forms  a  carbonic  oxide  gas  and  ignites  and  burns  part  of 
the  carbon  away.  The  melted  mass  is  run  out  into  shallow  metal 
troughs,  and  cooled  suddenly  by  streams  of  cold  water.  The  object 
of  this  sudden  cooling,  is  to  make  white  iron,  that  is,  to  prevent  the 
remaining  carbon  from  separating  itself  aiid  resuming  the  grajjhitic 
form. 

The  refined  (or  pig)  iron  is  next  puddled;  this  consists  sometimes, 
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Refining  and  ^^^^  rarely,  in  remelting  the  iron,  being  the  third 
Puddling,  melting,  adding  flux  to  attract  the  impurities,  they 
and  the  flux  being  run  off  as  iron  slag;  but  usually  in  puddling  the 
iron  while  it  is  still  in  j)asty  form,  immediately  after  the  removal  of 
the  carbon  in  the  second  melting  or  refining  process.  The  pure  iron 
forming  a  j)asty  mass  is  collected  into  separate  lumps  called  puddle 
From  puddle  balls  or  loups,  by  the  puddler,  who  stirs  the  mass 
bar.  around  with  his  puddling  bar,  thus  gradually  form- 
ing the  balls.  When  the  puddle  ball  is  of  sufficient  size,  usually 
weighing  from  one  to  six  hundred  pounds,  the  puddler  draws  it  out 
of  the  fire,  and  throws  it  on  a  wheelbarrow  or  truck  ;  it  is  now  run 
as  quickly  as  possible  to  a  steam  hammer,  where  it  is  thoroughly 
pounded  and  thus  welded  into  wrought-iron ;  or  in  more  modern 
mills  it  is  put  into  a  rotary  (Burden)  squeezer  which  consists  of  a 
corrugated  pinion  and  iron  collar,  situated  one  within  the  other,  but 
eccentrically ;  the  pinion  revolving  inside  the  collar,  which  is  station- 
ary, the  puddle  ball  going  in  at  the  wide  end,  is  kept  constantly 
revolving  by  the  corrugations,  and  at  the  same  time  is  squeezed  and 
drawn  through  and  reduced  between  the  pinion  and  collar,  finally 
emerging  at  the  other  (narrow)  end  in  cylindrical  shape,  and  in 
nature  partially  rolled-iron,  the  slag  and  gases  being  squeezed  out. 
From  here  it  is  taken  while  still  heated,  and  several  times  run 
through  between  a  pair  of  rollers  which  revolve  in  oj)posite  directions 
under  great  pressure  ;  these  rollers  have  grooves  along  their  surfaces, 
the  largest  at  one  end  and  diminishing  gradually  towards  the  other, 
thus  gradually  shaping  the  mass  as  desired  into  "  muck  bars,"  which 
are  pieces  of  partially  rolled-iron  of  convenient  size  and  shape  for 
handling,  usually  from  3  inches  to  G  inches  wide  and  ^  inch  to  ^  inch 
thick  in  section.  The  length  of  each  bar,  of  course,  depends  upon 
the  weight  of  puddle  ball. 

"When  beams  or  other  rolled-iron  shapes  are  to  be  rolled  the  cold 
System  of  muck  bars  are   sheared   off  to   convenient   lengths 

P'liiB'  and  sufficient  of  tliem  tied  together  with  wire  into 
bundles  to  make  the  desired  length  of  beam  or  other  shape.  This 
is  called  piling.  Usually  from  five  to  nine  muck  bars  are  jjiled  on 
top  of  each  other  in  each  Ijundlc. 

The  details  of  piling  and  size  of  muck  bars,  of  course,  vary  in 
different  shoj)S. 

The  Pha-nix  Iron  Conq)aiiy  form  thrir  pile  f(jr  iH-ams  over  uiiu' 
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VE-I?<^£J, 


Fig.    160. 


inches   deep  very  ingeniously,  by  rolling  bars  of    different  shapes, 
which  are  keyed  and  fitted  into  each  other  and  are  driven  and  held 

firmly  together  ])y  wedges,  as 
shown  in  Figure  160. 

The  writer  believes  that 
there  are  only  a  few  mills  using 
this  method,  which  is  to  be  re- 
gretted, as  the  advantage  of 
having  the  grain  or  joints  of 
the  rolled-section  longitudinal 
to  each  part  is  very  great  over 
the  method  where  the  seams 
run  at  right  angles  to  the  web, 
as  is  the  case  in  the  ordinary  piling. 

These  bundles  or  piles  are  put   into    the  fire  and   heated  to  an 
Rolling  out  the   almost  white  heat.     They  are  then  put  on  barrows 
Piles.  oj.  trucks  and  run  as  fast  as  possible  to  the  rolls. 

These  are  arranged  in  pairs  or  in  threes  in  a  long  line.  The  rollers 
are  about  eight  feet  long,  the  ends  supported  in  cast-iron  stanchions 
(called  housings)  of  tremendous  strength,  the  pressure  against  them 
being  very  great  when  the  iron  is  forcing  its  way  between  two  rollers. 
In  "  two-high  mills  "  there  are  two  rows  of  rollers  over  each  other,  in 
"three-high  mills"  there  are  three  rows  of  rollers  over  each  other. 
Description  of  Each  row  of  rollers  revolves  in  opposite  direction  to 
Rollers.  tiig  next  row  over,  the  result  being  that  the  iron  is 
drawn  in  and  squeezed  between  them.  The  roller  has  cut  along  its 
surface  grooves  which  gradually  shape  the  heated  mass  to  its  final 
section.  The  first  set  of  teeth  shape  the  iron  roughly  to  the  shape 
desired,  the  next  pair  come  a  little  nearer  to  the  shape,  and  so  on 
till  the  last  pair  which  give  it  the  exact  shape  ;  for  large  sections  it 
sometimes  requires  two  sets  of  three-high  rollers  for  each  piece,  but 
usually  one  set  answers  to  roughen  and  finish  the  piece.  Of  course 
the  length  of  the  piece  increases  as  its  cross-section  is  diminished  by 
the  squeezing  process  of  the  rollers.  Where  the  rollers  are  three- 
high,  the  heated  bundle  or  pile  is  run  through  the  first  set  of  grooves 
Process  of  ^^  ^^'^  lower  pair  of  rollers  in  one  direction ;    as  it 

Rolling,  comes  out  on  the  other  side,  it  is  picked  up  by  a 
pair  of  tongs  (usually  manipulated  by  hand,  but  by  steam  when  large 
pieces  are  being  rolled),  and  carried  to  the  upper  pair  of   rollers, 
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where  it  runs  back  through  their  first  pair  of  grooves  but  in  the 
opposite  direction.  It  is  then  carried  to  the  second  pair  of  grooves 
in  tlie  lower  rollers  where  it  runs  through  in  the  same  direction  as 
through  the  first,  then  back  through  the  second  pair  of  grooves  in 
the  upper  rollers  and  so  on  to  the  end.  Where  the  mill  is  only  two 
high  the  roUing  is  all  done  in  the  same  direction,  the  iron  being  run 
back  over  the  upper  roll,  its  friction  on  and  the  turning  of  the  i-oll 
facilitating  greatly  the  work  of  getting  it  back  quickly.  The  opera- 
tion of  rolling  continues  during  the  one  heating  of  the  bundle  or  pile 
of  refined  iron,  as,  of  course,  the  furnaces  would  not  be  large  enough 
to  re-heat  long  pieces.  The  rolling  nmst,  therefore,  be  very  rapid, 
and  no  delay  should  take  place.  The  pressure  of  the  rolls  is  so 
great  that  if  the  mass  meets  with  any  obstacle,  instead  of  stopping 
and  wedging  in  the  roll  the  balance  will  run  on  out  and  curl  the 
piece  all  up,  sometimes  even  pushing  the  end  up  through  the  roof. 
When  the  iron  has  made  its  final  passage  through  the  rollers  and  is 
Stra'ehtenitiK  properly  shaped  in  section,  it  usually  is  all  curled 
the  Pieces,  up  lengthways  in  both  directions.  It  is  still  at  a 
cherry  red  heat  and  is,  therefore  (after  having  the  defective  parts  at 
the  ends  cut  off  by  a  circular  saw),  either  run  onto  or  quickly  carried 
by  a  gang  of  men  and  placed  lengthwise  across  a  long  series  of  skids 
or  rollers.  At  the  other  ends  of  theae  skids  are  iron  upright  stops. 
A  gang  of  men  armed  with  heavy  wooden  mauls  or  mallets  belabor 
the  fiat  side  of  the  section  its  entire  length  till  it  touches  the  skids  at 
every  point.  They  now  move  it  over  against  the  stops  and  belabor 
the  short  edge  or  flat  side  of  flange,  till  the  fiat  side  of  the  other 
flange  touches  the  stops  at  every  point.  This,  of  course,  straightens 
the  beam  or  other  section  lengthwise  in  both  directions.  It  is  now 
allowed  to  cool  and  is  reaily  to  sell  for  use.  Plate-iron  is  straight- 
ened as  above.  Beams  and  channels  are  straightened  cold  by  being 
run  throu<di  a  <^a"^  press.  Angles  are  straightened  cold  bv  running 
through  straightening  rolls. 

Single  Refined-        ^''°"  rolled  as  above  is  the  ordinary  rolled-iron  of 
Iron.  commerce  and  is  known  as  merchantable  or  "  single 

refined-iron." 

For  better  (jualities  the  muck  bars  are  heated  and  rollcil  into 
plates  of  single  refined-iron.  When  forming  the  bundle  or  pile  the 
top  and  bottom  layers  consist  of  the  single  refined  ])lates,  the  inter- 
mediate layers  being  muck  bars.      Or  the  top,  bottom  and   centre 
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layers  are  of  single  refined-iron  plates,  the  other  layers  being  muck 
bars.  This  is  generally  known  as  "  extra  refined-iron  "  and  a  small 
_  advance  is  charged  for  it  over  single  refined-iron. 

Refined-iron.  For  the  best  work  all  the  layers  in  the  pile  or 
bundle  are  made  of  single  refined  plates,  no  muck  bars  at  all  being 
Double  used.     This  is  known  as  "  double  refined-iron  "  and 

Refined-Iron.  ^  considerable  extra  price  is  charged  for  it  over  the 
cost  of  single  refined-iron. 

For  very  important  tension-members  in  trusses  or  arches,  or  for 
important  hangers  it  is  very  desirable  to  use  the  double  refined-iron. 
But,  as  a  rule,  the  best  results  will  be  obtained  by  being  satisfied  with 
whatever  kind  of  iron  the  mill  is  accustomed  to  roll.  It  stands  to 
reason  that  a  mill  will  not  upset  its  regular  shop  practice  and  line  of 
work  for  a  single  order  unless  well  paid  for  it,  so  that,  as  a  rule,  it  is 
more  speedy  and  more  economical  to  take  their  regular  iron  and  use 
a  larger  size  of  cross-section.  Then,  too,  where  double  refined-iron 
is  ordered,  the  most  constant  supervision  will  be  needed  to  get  it. 
The  men  will  probably  prefer  to  relapse  into  their  regular  ways  even 
if  the  principals  do  not.  Then,  too,  in  a  report  to  the  Government 
of  a  large  series  of  experiments  made  at  niany  mills  and  tested  at 
the  Watertown  Arsenal,  it  was  found  that  the  result  of  the  double 
refining  was  harmful  at  times,  and  that  its  value  depended  entirely 
upon  the  nature  of  the  muck  bar. 

Where  the  muck  bar  was  of  a  decidedly  poor  quality,  showed  air 
Result  of  Sev-      lioles,  blisters,  and  a  general  crystalline  appearance 

eral  Rollings,  on  fracture,  or  spluttered  greatly  while  being  run 
through  the  rotary  squeezer  or  the  steam-hammer,  denoting  the  pres- 
ence of  much  slag  and  impurities,  that  is,  when  the  quality  of  the 
muck  bar  resembled  that  of  a  dirty  and  poor  cast-iron,  the  double  re- 
fining was  of  great  service  in  adding  strength  to  the  material. 
AVhere,  however,  the  muck  bar  was  of  a  good  quality,  the  puddle  ball 
spluttering  but  little  in  the  rotary  squeezer  or  in  the  steam-hammer, 
and  the  muck  bar  itself  showing  on  fracture  a  goodly  part  of  fibrous 
section  and  the  balance  with  but  little  impurities,  the  double  refining 
was  found  to  positively  injure  and  weaken  the  iron,  to  dry  it  up,  as 
it  were,  leaving  the  successive  layers  distinctly  visible,  when  the  iron 
is  tested  by  eating  away  its  edge  with  muriatic  acid,  or  in  circular 
pieces  distinctly  showing  and  opening  the  successive  layers  on  fract- 
ure. This  in  the  case  of  double  refining  of  poor-quality  muck  bars 
was  not  nearly  so  marked. 
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It  concludes,  therefore,  that  some  impurities  help  to  amalgamate 
the  final  layers,  and  that  where  the  muck  bar  is  already  of  a  i)artly 
wrought-iron  nature  —  partly  fibrous  on  fracture  —  that  double  re- 
fining -works  an  injury.  For  important  work,  therefore,  there  should 
be  a  constant  mill  supervision  by  an  inspector  stationed  there  for 
that  purpose,  and  the  question  of  double  refining  or  not  should  be 
left  for  decision  to  tests  made  on  the  premises. 

Extra  refined-iron,  however,  can  safely  be  used  at  all  times,  the 
only  drawback  being  its  additional  cost,  and  the  doubts  whether  it 
will  be  furnished  as  specified  unless  the  work  is  closely  watched  and 
inspected. 

Instead  of  using  muck  bars  to  make  up  the  bundles  for  the  final 
Use  of  Old  Iron,  heating,  the  mills  sometimes  use  the  cut  otT  and 
otherwise  waste  ends  of  beams  and  other  rolled-iron ;  there  is  no 
objection  to  this  if  the  iron  is  not  too  dry,  but,  as  a  rule,  it  is  a  very 
good  practice,  as  the  iron  thus  gets  an  extra  rolling  or  double 
refining.  Nor  is  there  any  other  objection  than  above  to  the  use  of 
old  rails,  beams,  or  scrap  iron,  provided  always  that  all  such 
material  is  free  from  all  rust  and  is  thoroughly  cleaned  ;  where 
mixed  with  muck  bars,  and  thoroughly  cleaned,  and  perfectly  welded, 
it  is  greatly  to  be  recommended. 

The  frecpient  rolling  of  English  iron  within  a  reasonable  luit, 
according  to  Sir  W.  Fairbairn,  improves  its  (juality  and  strength; 
if,  however,  it  is  rolled  too  often,  re-heated  more  than  five  times,  he 
says  it  quickly  loses  its  strength. 

Pure  iron,  that  is,  iron  \_ practically']  free  from   carbon,  consists 

_„     .  _,  when  heated  to  a  white  heat  of  a  mass  of  crystals  of 

Effect  of 

Rolling,  cubical  form.  The  eflfect  of  rolling  is  to  elongate 
these  cubical  crystals  into  long  silky  fibres  which  interlace  and  bind 
themselves  together  and  form  the  mass  of  all  good  wrought-iron.  A 
repeated  sudden  shock  or  blow,  when  cold,  or  continuous  heavy 
vibrations,  tends  to  restore  the  fibres  to  their  original  form,  that  is, 
crystallize  them,  the  iron  becoming  very  brittle  and  weak.  It  is  for 
this  reason,  in  testing  wrought-iron,  that  if  it  shows  crystalline  specks 
on  fracture,  it  is  considered  to  be  of  a  j)Oor  (juality,  ])rovi(led  of 
course  the  fracture  has  not  been  made  by  sudden  blows;  if,  however, 
the  broken  section  is  entirely  fibrous  the  nature  of  the  wrought-iron 
is  correct  and  considered  good.  If  wrought-iron  contains  sulphur 
it  is  "  red  short."  or  cold  short  and  dilHcult  to  roll. 
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Wronglit-iron  is  usually  sold  by  the  pound,  and  each  rolled 
Why  weight  per  section  is  known  by  its  weiglit  per  yard.  The 
yard,  reason  of  this  is  that  tlie  weight  in  pounds  of  a 
section  of  wrought-iron  one  yard  long  is  exactly  ten  times  its  area  of 
cross-section  in  square  inches.  One-tenth  of  the  weight  j)er  yard  in 
pounds  is  then  the  area  of  cross-section  in  square  inches.  Steel  is 
weighed  up  the  same  as  iron  and  then  two  per  cent  added  to  what 
would  be  the  weight  of  iron. 

In  the  above  the  writer  has  purposely  used  the  words  "  wrought " 
Nature  of  and    "rolled"    iron    interchangeably.       They    are 

Ro^ie^  Iron      I'eally  the  same  thing.     Their  nature  is  supposed  to 
Similar,  ^g   exactly  identical.      If    any   distinction   can    be 
drawn,  it  would  be  that  in  rolled-iron  the  elongated  fibres  are  formed 
by  rolling,  while  in  wrought-iron  they  are  formed   by  hammering, 
either  by  hand  or  machinery. 

Where  a  large  number  of  pieces  of  e(|ual  sections  are  needed,  rolling 
is  to  be  preferred ;  but  for  small  orders  (unless  the  order  is  for  some 
regular  mill  section),  hammering  by  hand,  or  by  steam  hammer  and 
die,  is  generally  preferable ;  these  latter  are  frequently  also  known 
as  forged-iron.  Welding  is  the  process  of  heating  two  separate 
pieces  of  iron  and  uniting  them  together,  while  hot,  by  hammering 
or  forging,  the  fibres  of  the  two  parts  interlacing  and  forming  a 
joint  nearly  as  strong  as  the  material.  Any  iron  that  can  be  forged, 
rolled  or  welded  is  said  to  be  malleable. 

There  is  a  quality  of  iron  known  as  malleable  cast-iron,  which  com- 
Malleable  bines,   to   a   certain  extent,    the   qualities   of    both 

Cast-Iron,  -wrought  and  cast  iron,  being  cast-iron  of  a  semi- 
wrought-iron  character,  which  can  be  forged.  The  forging,  however, 
has  to  be  done  cold,  not  hot,  as  with  wrought-iron.  The  process  is 
described  as  embedding  cast-iron  in  powdered  haematite  ore  or  in 
scales  of  oxide  of  iron,  or  other  oxides,  and  raising  it  to  a  bright 
red  heat  in  an  annealing  oven.  Pieces  of  cast-iron  not  over  one-half 
inch  thick  can  be  made  entirely  malleable  by  this  process  ;  with 
thicker  pieces,  however,  it  is  only  practicable  to  render  the  outside 
skin  malleable  to  a  depth  of  about  onc-(juarter  inch,  the  depth,  of 
course,  depending  on  the  length  of  treatment,  the  interior  retaining 
Manufacture       ^^^  unaltered  cast-iron  character. 

of  Steel.       The  manufacture  of  steel  is  still  in  its  early  devel- 
opment and  as  a  result  great  uncertainty  attends  the  results  obtained, 
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unless  proper  tests  are  made  at  every  stage.  Nor  have  the  different 
methods  of  manufaeture  been  tested  sulKciently  long  to  definitely 
establish  the  superiority  of  either. 

It  is  partly  for  this  reason,  and  also  on  aecount  of  the  many  differ- 
ent kinds  of  steel  produced  —  dependent  on  the  varying  amount  of 
carbon  it  contains  —  that  there  are  so  many  radically  different  pro- 
cesses of  manufacture. 

As  already  remarked,  steel  in  its  chemical  composition  is  the  inter- 
mediate between  wrought  and  cast  iron  —  wrought-iron  being  theo- 
retically free  from  carbon,  while  cast-iron  has  ordinarily  a  good  deal 
more  carbon  than  steel  and  holds  it  in  a  different  form.  Steel  with  but 
little  carbon  is  called  "mild  steel,"  with  much  carbon  "hard  steel," 
the  former  being  the  more  reliable  of  the  two  for  structural  work.  It 
should  be  noted,  however,  that  whereas  in  the  earlier  stages  of  the 
manufacture  of  steel  its  chemical  synthesis  was  made  the  criterion, 
yet  to-day  the  oft-mooted  question  as  to  whether  a  certain  product  is 
iron  or  steel  is  more  often  determined  by  reference  to  its  physical 
Characteristic  characteristics  than  to  its  analysis.  The  physi- 
of  Steeli  (;al  characteristic  of  steel  is  that  it  may  be  cast  into 
wholly  malleable  ingots,  that  is,  the  cast  ingot  or  lump  can  be  rolled 
or  forged  in  its  heated  state  without  any  intermediate  process.  This 
is  not  true  as  regards  cast  or  pig  iron  which  is  entirely  non-malleable, 
wliile,  on  the  other  hand,  wrought-iron  cannot  be  cast,  not  being 
fusible  at  temperatures  obtaining  in  the  arts. 

The  great  importance  and  future  of  steel  lies  in  the  above  pro- 
perty as  also  in  its  large  tensile  strength,  its  hardness,  and  its  further 
advantages  of  being  capable  of  "  hardening"  and  of  taking  a  "  tem- 
])er."  It  combines  within  one  metal  the  ductility  and  weldability 
of  wrought-iron  with  the  hardness  and  fusibility  of  cast-iron,  and 
this  with  a  tensile  strength  greater  than  that  of  wrought-iron. 

Hardening  consists  in  raising  the  steel  to  a  red  heat  and  suddenly 
Hardening  cooling  it  in  water  ;    this  greatly  hardens  steel  but 

steel,  does  not  aifect  wrought-iron,  while  cast-iron  would 
fly  to  pieces  under  such  treatment.  Hardened  steel  can  be  softened 
by  tempering,  this  is  done  by  re-heating  the  hardened  steel,  but  to  a 
loirer  temperature  than  before,  and  again  cooling  it,  but  slowly,  when 
it  will  be  tempered  or  softened. 

Steel  retains  magnetism  greatly.  When  struck,  steel  rings  out  a 
sharper  metallic  sound  than  ir(jn,  but  in  physical  appearance  it  often 
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resembles  wrought-iron  to  such  a  degree  that  it  is  difRciilt  to  distin- 
Steel  rolled         gi'ish  between  them  by  merely  looking  at  their  frac- 

colder  than  tared  parts.  Steel  is  malleable  at  a  lower  heat  than 
'^°"'  wrought-iron,  and  for  this,  (and  other  reasons,  but 
principally  on  account  of  the  danger  of  "burning"  it,)  —  it  is  usually 
rolled  at  a  much  lower  temperature  than  wrought-iron ;  being,  as  a 
result,  much  more  solid,  that  is,  further  from  the  melting  point,  than 
is  iron  when  passing  through  the  rolls,  it  requires  very  much  greater 
power  and  heavier  machiner_v  than  the  latter. 

The  production  of  steel  direct  from  the  ore  is  perfectly  feasible, 
Direct  Process,  but  has  not  yet  attained  to  any  relative  commercial 
im])ortance. 

All  the  different  processes  of  manufacturing  steel  really  narrow 
Two  Principal  down  to  the  two  principal  methods  of  either  the 
Methods,  addition  of  a  certain  pei'centage  of  carbon  to  pure 
or  malleable  iron,  or  the  removal  of  part  of  the  carbon  from  pig-iron. 
To  give  all  the  variations  practised  in  these  two  principal  methods 
■would  be  impossible  here,  but  under  the  first  method  we  can  cite  the 
cementation  process  or  the  manufacture  of  the  commercial  "  cast  " 
steel;  as  an  intermediate  process  the  "Open  Hearth"  processes; 
and  under  the  second  method  the  well-known  "  Bessemer  "  process. 

Of  these,  in  its  main  features  the  Cementation  process  is  the  old- 
est. Briefly,  bars  of  wrought-iron  are  packed  in  charcoal  in  air- 
Cast-steel.  tight  retorts  or  "  pots  "  and    subjected  to  a  white 

heat  for  over  a  week's  time.  The  wrought-iron  absorbs  the  carbon 
or  allovs  with  it,  showing  a  blistered  appearance  —  whence  the  name 
of  "  blister  "  steel —  and  becomes  readily  fusible. 

These  blister  steel  bars  when  piled  and  rolled  once  constitute  the 
*'  single "  shear  steel  of  commerce,  or  if  re-piled  and  re-rolled 
the  "  double  "  shear  steel.  If,  however,  they  are  broken  up  and 
melted  in  a  crucible  and  cast  into  an  ingot  which  is  re-rolled,  the 
<[uality  and  uniformity  of  the  product  are  much  improved  and  it  is 
known  as  "  cast "  steel ;  the  ])rincipal  use  of  which  is  for  cutlery 
and  edge  tools.  Cast-steel  is  the  hardest,  strongest  and  densest  steel 
made,  but  when  raised  beyond  a  red  heat  becomes  so  brittle  that  it 
Ooen  Hearth  cannot  be  forged.  It  cannot  be  welded  and  flies  to 
Process,  pieces  under  a  powerful  blow. 

The  Open  Hearth  process  may  be  justly  regarded  as  the  inter- 
mediate process  because  it  is  either  the  carbonization  of  or  adding 
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of  carbon  to  wroiight-iron,  or  the  dec.arbonization  of  or  removal  of 
carbon  from  pig-iron,  both  reactions  usually  existing  in  one  and  the 
same  heat,  as  in  the  best  known  Siemens-JIartin  j)rocess,  which  is  a 
typical  and  probably  one  of  the  best  open-hearth  methods  to-day. 

It  consists  of  melting  a  combination  of  irons  in  a  basin-shaped 
hearth  under  a  reverberatory  roof  by  playing  on  them  what  is  really 
a  blowpipe  with  aflame  oxidizing  (removing  carbon)  from  the  mass; 
or  reducing  it  (adding  carbon)  at  will  (but  usually  oxidizing).  The 
combination  consists  of  pig-iron  and  wrought  scrap-iron  or  old  steel 
rails,  or  else  of  pig-iron  and  iron  ore,  or  sometimes  a  combination  of 
all  the  above  ;  when  melted  down,  the  one  with  or  in  the  other,  the 
mass  is  stirred  about  to  render  the  mixture  homogeneous,  and  after 
Condition  preliminary  testing  of  samples,  is  duly  poured  into 

known  by  tests.  j„gQ(;  moulds.  Thus  the  cast-iron  gives  up  its  excess 
of  carbon  to  the  rest  of  the  charge  having  less  or  none,  and  the 
resultant  product,  which  can  be  controlled  with  a  nicety  that  is  sur- 
prising, is  a  steel  of  high  grade,  with  carbon  between  limits  that  are 
well  governed  from  the  start  to  the  close  of  the  conversion.  The 
ingots  are  allowed  to  cool  and  are  then  sold  to  mills  not  owning  steel 
furnaces,  who,  of  course,  have  to  re-heat  the  ingots  before  rolling 
them.  Where  a  mill  manufactures  its  own  ingots,  however,  the  hot 
ingot  is  run  directly  to  the  blooming  mill  and  rolled  into  "  blooms  " 
while  still  hot. 

In  the  pneumatic  or  Bessemer  process  the  carbon  is  entirely 
removed  from  the  pig-iron  by  oxidation  and  then  the  necessary 
amount  of  carbon  to  produce  the  desired  quality  of  steel  is  after- 
Bessemer  wards  re-introduced.  This  seemingly  roundabout 
Process,  method  is  adopted,  because  it  would  be  impossible 
otherwise  to  determine  promptly  or  exactly  enough  when  the 
decarbonization  should  cease,  the  entire  removal  of  all  the  carbon 
taking  only  some  twenty  minutes.  It  is  easy  to  determine,  however, 
when  the  carbon,  silicon,  etc.,  are  completely  oxidized,  and  then  to 
introduce  carbon  in  a  known  proportion  which  is  done  by  adding 
"  spiegeleisen  "  as  hereafter  mentioned.  It  would  not  be  so  easy, 
however,  otherwise  to  know  at  just  what  point  sullicient  carbon  was 
removed. 

The  above  operations  are  conducted  in  an  egg-shajied  vi'ssel  open 
on  to]),  known  as  the  "converter,"  hung  like  a  cannon  on  "trun- 
nions," into  which  melted  pig-iron  is  poured  from  a  cupola  furnace, 
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blast  or  wind  furnace.  This  converter  lias  a  perforated  lining  in 
the  bottom  through  which  a  forced  vertical  blast,  at  a  pressure  of  20 
to  25  pounds  per  square  inch,  enters  and  bubbles  up  through  the 
molten  metal.  The  action  of  this  blast  is  distinctly  oxidizing, 
the  oxyo-en  in  the  air  seeming  to  first  combine  with  the  silicon  in  the 
pig,  forming  silica  or  quartz,  which  rises  as  slag  to  the  top.  Tiie 
manganese  and  carbon  in  the  pig  are  next  consumed,  the  carbon 
passing  off  in  gaseous  combination  with  the  oxygen  and  being  thus 

^      ^.,.  eliminated.      Bv  the  changing   appearance   of   the 

Condrtion  -  n 

known  by  flame,  u  flame,"  which  at  first  is  of  a  bright  yellow  appear- 
ance but  very  turbulent  and  full  of  flying  sparks,  then  settles  to  a 
more  steady  and  clearer  flame  of  pink  or  amethyst  color,  and  finally 
settles  down  and  disappears  almost  completely  from  the  mouth  of 
the  converter,  the  various  stages  and  final  total  elimination  of  the 
carbon  are  known,  and  at  the  end  the  blast  is  shut  off.  The  metal 
in  the  converter  is  at  this  moment  approximately  pure  iron,  slightly 
oxidized  or  "burnt,"  and  is  in  a  spongy  friable  mass  and  non-malle- 
able. Molten  "  spiegeleisen  "  is  then  poured  in  and  its  addition  is 
accompanied  by  a  violent  boiling  reaction,  accompanied  by  a  re- 
appearance of  the  flame  at  the  mouth  of  the  converter.  This 
Spiegeleisen  is  simply  a  German  pig-iron  very  high  in  carbon  and 
manganese  of  known  proportions,  and  is  so-called  from  its  mirror- 
like, shiny,  crystallized  formation. 

The  object  of  the  carbon  in  this  addition  is  to  turn  the  pure  iron 
to  steel;  the  object  of  the  manganese  is  to  take  up  any  excess 
of  oxvgen  in  the  melted  iron  by  forming  oxides  of  manganese,  thus 
preventing  the  steel  from  being  what  is  known  as  "  red  short  "  or 
burned. 

This  mixture  of  decarbonized  iron  and  spiegel  is  allowed  to  rest  in 

_     ^.         ,  the  converter  for  a  short  time  or  is  sometimes  mechan- 

Castingof 

Ingots,  ically  stirred  up  and  then,  after  pouring  off  the  slag, 

the  contents  of  the  converter  are  tipped  into  a  ladle  &-\vinging  radially 
on  a  crane-arm  over  a  semi-circular  row  of  ingot  moulds  into  which 
the  melted  steel  is  poured  from  an  opening  in  the  bottom  of  the  ladle 
controlled  by  a  plug.  These  ingots  weigh  4  to  5  tons  each  :  they  are 
allowed  to  cool  as  they  are  in  the  mould,  or  else  in  a  "  soaking  pit," 
which  is  simply  a  device  for  allowing  them  to  cool  slowly  on  the  an- 
nealing principle  ;  this  slower  cooling  improves  the  quality  of  the 
product  by  more  thoroughly  eliminating  the  included  gases  and  avoid- 
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inj  the  internal  strains  due  to  otherwise  too-rapid  cooling.  But,  as 
already  remarked,  where  the  blooming  mill  is  close  at  hand,  the 
ingots  are  not  allowed  to  cool,  but  are  run  hot  to  the  rollers. 

The  lining  of  the  converter  is  usually  "  ganister  "  (silicious  sand) 
which  is  of  an  acid  (silicle)  reaction  and  gives  the  name  of  "  Acid 
process  "  to  that  usually  adopted  in  this  country.  In  England  and 
on  the  Continent  and  presently  in  Alabama,  where  ores  run  too  high 
in  phosphorous  and  sulphur  to  permit  of  their  successful  use  in  the 
Bessemer  process,  the  acid  lining  is  sometimes  replaced  with  a  basic 
or  alkaline  lining  made  from  dolomite,  etc.  The  lime  and  magnesia 
in  this  lining  unite  with  the  sulj)hur  and  phosphorous  in  the  pig  form- 
ing a  fusible  slag,  thus  rendering  their  elimination  possible.  This 
expense  is  not  required,  however,  with  most  pig  made  from  American 
ores  as  may  be  inferred  from  the  fact  that  it  does  not  represent  the 
ordinary  practice  in  this  country. 

It  is  not  necessary  within  these  limits  to  explain  the  "  Clapp- 
Griffiths  "  process,  about  the  merits  of  which  so  much  controversy 
Clapp-Criffiths  ^^^^  b*^^"  ^^^^  lately,  further  than  to  state  that  it  is 
Process,  an  intended  modification  of  the  Bessemer  process, 
by  which  it  is  hoped  to  modify  and  cheapen  it  to  the  point  of  render- 
ing it  adaptable  to  plants  of  small  capacity,  and  also  to  secure  a 
better  control  over  the  quality  and  Jiomof/eneily  of  the  product  de- 
sired. 

Taking  all  things  together,  however,  the  superiority  to-day  for 
structural  iron  seems  to  lie  with  steel  metal  made  under  the  Open 
Hearth  process,  (first  introduced  into  this  country  by  the  New  Jersey 
Steel  and  Iron  Co.),  because  the  results  desired  are  under  more  per- 
fect and  intimate  control.  Ample  opportunity  is  aflforded  at  various 
stages  of  the  process  to  test  and  duly  correct  the  (piality  of  the  pro- 
duct, and  a  greater  unifonnUy  of  the  product  itself  seems  to  be 
obtained  than  with  the  other  processes.  For  railway  bars,  Bessemer 
ateel  has  at  present  largely  the  greater  production  being  also  cheaper 
and  is  undoubtedly  well  enough  adapted  to  it,  but  for  structural  pur- 
poses, such  as  ships,  bridges,  roofs  and  girders,  the  best  ojjinion  to- 
day seems  to  incline  to  the  preferment  of  the  Ojjcn  Hearth  jjroduct 
on  account  of  its  superior  uniformity. 

But,  as  already  emphasized  several  times,  very  little  is  really 
known  to-day  of  the  properties  of  steel  and  new  facts  are  com- 
ing to   light  every  day.       Its    manufacture    and    determination  are 
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undoubtedly  still   in  their    development,  and   though   events   point 

strongly  to  steel  becoming  the  metal  of  the  near  future,  there  exists 

among  many  reasonably  conservative   men,  a  wide 
Use  of  Steel  not  °„  ,    ,    ^  .  .  .       ,       ,.   , 

yet  commend-  and  well-grounded  distrust  ot  its  use  in  the  higher 

able,  engineering  or  architectural  structures,  on  account 
of  its  mysterious  behavior,  and  frequent  erratic  and  inexplicable  fail- 
ures. It  should  never  be  used,  except  after  the  most  rigid  and  fre- 
quent tests,  which  of  course  add  greatly  to  the  expense  attendant  on 
its  use. 

Except  that  being  cast  in  large  masses  requiring  very  heavy  pre- 
liminary "  breaking-down  "  or  "  blooming "  mills  to  adapt  it  to  the 
finishing  strains,  and  that  usually  it  is  not  piled,  its  subsequent  manip- 
ulation to  produce  the  ordinary  structural  forms  is  very  similar  to 
that  already  described  for  wrought-iron. 

The  ingot,  while  hot,  is  run  to  the  blooming-mill,  and  there  run 
through  rollers  to  form  the  "  blooms,"  which  are  each  of  the  neces- 
Rolline  of  Steel  ^'''''^  weight  in  one  piece,  to  make  a  whole  beam  or 
Bloom.  other  shape.       The  cross-section   of   the    bloom   is 

about  3  inches  by  9  inches,  the  length  depending  on  the  weight  and 
length  of  beam  or  other  shape  desired,  usually  from  5  feet  to  30  feet, 
the  latter  weighing  a  little  over  a  ton  each.  These  blooms  occupy 
in  the  rolling  of  steel  the  corresponding  place  to  the  piled  muck- 
bar  or  other  iron  in  the  rolling  of  iron. 

The  bloom  is  heated  in  a  furnace  and  run  through  rollers,  which 
gradually  shape  it  to  its  final  section,  the  same  as  with  wrought-iron ; 
the  only  difference  being  that  the  bloom  is  not  heated  to  the  same 
high  temperature  as  iron,  and,  therefore,  its  resistance  to  squeezing 
when  passing  through  the  rolls  is  very  much  greater  than  with  iron. 
Steel  plants  are,  therefore,  not  only  very  expensive,  but  the  amount 
of  breakage  in  housings  and  rolls  is  very  great. 

The  Phoenix  Co.  are  preparing  to  make  steel  stock  of  similar  size 
as  from  the  iron  muck-bars,  and  to  pile  them  similarly.  This  will 
probably  be  done  in  time  by  all  the  mills,  and  may  lead  to  a  consider- 
able saving  in  the  expense  of  replacing  broken  machinery. 

The  writer  understands  that  at  present  the  Bessemer  process  is  em- 
Processes  used  ployed  at  the  Homestead  Works  in  Pittsburgh 
by  Mills.  (Carnegie,  Phipps  &  Co.)  ;  and  by  the  Columbia  Iron 
and  Steel  Co.,  of  Uniontown,  Pa. ;  and  by  the  North  Chicago  Rolling- 
Mill  Co.,  of  Chicago;  and  that  ingots  made  by  the  Open  Hearth  pro- 
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cess  are  bought  and  used  by  the  Passaic  Rolling  ^lills,  of  Paterson, 
X.  J.,  and  by  the  New  Jersey  Steel  and  Iron  Works,  of  Trenton,  N. 
J. ;  and  that  the  latter  also  buy  and  use  ingots  made  by  the  Bessemer 
process. 

That  the  Clapp-Griffiths  (modified  Bessemer)  process  is  used  by 
the  Pottsville  Iron  &  Steel  Co.,  of  Pottsville,  Pa. 

The  Siemens-^NIartin  (Open  Hearth)  process  is  used  by  the 
Phoenix  Iron  Co.,  at  Ph(Enixville,  Pa.,  who  roll  their  ingots  ;  and 
that  the  works  now  building  for  the  Pencoyd  Iron  Works  at  Penco}(i, 
Pa.,  are  also  for  the  Open  Hearth  process,  but  that  they  intend  to 
hammer  their  ingots. 

These  eight  mills  embrace  all  the  leading  mills  in  the  United 
States  where  structural  iron  and  steel  of  I-beam,  channel,  angle, 
deck-beam  or  tee-shapes  are  rolled. 

A  very  cheap  and  inferior  grade  of  steel,  known  as  "  puddled 
Puddled  Steel,  steel,"  is  made  by  stopping  the  puddling  of  pig-iron 
before  all  the  carbon  is  removed. 

Many  attempts  have  been  made  to  establish  exact  lines  of  demar- 
cation between  wrought-iron,  steel  and  cast-iron,  but  none  are  very 
satisfactory,  though  a  few  are  here  given. 

Dr.    Percy    says   if   the  iron   be    pure,  contains    no  carbon,  it  is 

wrouo-ht-iron  (though  practically  wrought-iron  con- 
Classification  °  r  ,        X        f      1  •  1- 
of  Irons  and    tains  some  0,25  per  cent  of  carbon).     In  this  condi- 

®*®®''   tion   the   iron  is    soft,  tenacious,  weldable,  but  not 

fusible. 

If  the  iron  contains  some  carbon,  from  0,15  per  cent  to  1,8  per 
cent,  it  is  steel,  the  different  kinds  of  steel  varying  according  to  the 
quantity  of  carbon ;  the  different  steels  being  accordingly  more  or 
less  elastic,  malleable,  forgeable,  fusible  and  capable  of  hardening 
and  tempering. 

If  the  iron  contains  inncli  carbon,  from  2  per  cent  to  G  ])er  cent,  it 
is  cast-iron  and  is  hard,  brittle  and  fusil)le,  but  it  is  neither  wehlahle 
nor  forgeable. 

Table  XXVIII  (on  page  2G),  does  not,  however,  agree  with  what 
is  called  steel  in  American  practice.  Steel  with  0,12  per  cent  of  car- 
bon is  considered  "  mild'  steel,"  and  with  0,3(;  ])er  cent  of  carbon 
"  hard  steel."  The  former  is  used  for  structural  purj)oses.  Steel 
with  more  than  0,12  per  cent  of  carbon  will  not  stand  the  tests  for 
the  Government  cruisers. 
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The  following  (Table  XXVIII)  appeared  originally  in  "  Bauer- 
maniis  Metalluryy."  ^ 

TABLE   XXVIII. 

CLASSIFICATION    OF    lUONS    AND    STEELS. 


Name. 


1.  Malleable  iron. 

0,25 

2.  Steely  iron. 

0,35 

3.  Steel. 

0,50 

4.  Steel. 

1,00  to  1,50 

5.  Steel. 

1,75 

6.  Steel. 

1,80 

7.  Steel. 

1,90 

8.  Cast-iron. 

2,00 

9.  Cast-iron. 

6,00 

Percentage 
of  Carbon. 


Properties. 


Is  not  sensibly  hardened  by  sudden  cooling. 

Can  be  slightly  hardened  by  quenching. 

Gives  sparks  with  a  flint  when  hardened. 

Limits  for  steel  of   maximum  hardness  and 
tenacity. 

Superior  limit  of  welding  steel. 

Very  hard  cast  steel,  forging  with  great  diffi- 
culty. 

Not  malleable  hot. 

Lower  limits  of  cast-iron,  cannot  be  ham- 
mered. 

Highest  carburetted  compound  obtainable. 


In  Table  XXIX  the  writer  has  attempted    to  classify  systemat- 

Classification      icallv  the  various  kinds  of  iron  and  steel  used   in 

of  structural     ,.,",.  ™,  ,,      ,         ,  ,  ,      ,  , 

Iron  and  Steel,    buildings.       J  he  table   has  been   largely   based    on 

a,  similar  table  prepared  for  the  Stevens  Indicator  by  Mr.  William 

Kent. 

Manganese  is  frequently  used  instead  of  carbon  to  harden  steel, 
it  hardens  it  considerably  (though  not  so  much  so  as  carbon)  and 
does  not  reduce  its  ductility  as  much  as  cai'bon. 

Chromium  and  tungsten  are  added  to  and  produce  very  hard  but 
yet  ductile  steels,  but  add  considerably  to  the  expense.  Chrome 
steel  being  used  largely  for  fine  tools  and  vault-works.  While  cast- 
iron  can  be  melted  at  2732°  F.  and  cast-steel  at  3500°  F.,  wrought- 
Mitls.  iron  is  practically  not  fusible.      By  adding,  however, 

some  ^  to  1  per  cent  of  aluminium  to  wrought-iron  its  point  of  fusion 
is  reduced  some  300°  to  400°  F.  and  it  becomes  practicable  to  melt 
it.     This  is  done  in  crucibles  of  fire-clay  or  plumbago  and  in  petro- 


'  Copied  from  "  Xotes  on  Build'uuj  Construction." 
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leum  furnaces.  The  i^roduct  is  a  comparatively  new  metal  and 
known  as  milL^.  Its  resistance  to  tension  is  about  one-fifth  greater 
than  that  of  wrought-iron,  while  its  ductility  is  about  the  same. 

In  "  Notes  on  Building  Construction  "  is  given  such  a  very  able 
Resume  of  short  resume    of   the   difference   between  cast  and 

Qualities,   wrought   iron  and  steel,  that  it  will  be  given  here 
■with  but  slight  modifications. 

"  The  great  differences  in  the  characteristics  of  cast-iron,  and 
wrought-iron  and  steel,  are  briefly  recapitulated  below,  and  these 
determine  the  uses  to  which  they  are  respectively  applied. 

"Cast-iron  has  little  tensile  strength,  but  affords  great  resistance  to 
Cast-iron.  comjiression. 

"It  is  hard,  brittle,  wanting  in  toughness  and  elasticity,  and  gives 
way  without  warning,  especially  under  sudden  shocks  or  changes  of 
temperature.     It  is  easily  melted  and  run  into  various  shapes. 

"  The  castings  thus  produced  are  liable  to  air-holes  and  other  flaws, 
which  reduce  their  strength.  Small  castings  are  stronger  in  pro- 
portion to  their  size  than  large  ones."  Castings  should  be  of  even 
thickness  throughout  and  all  sharp  angles  should  be  avoided. 

"  Cast-iron  can  be  cut  or  turned  with  edge  tools,  but  is  not  malle- 
able either  when  cold  or  hot,  nor  is  it  weldable. 

"  It  is  not  so  easily  oxidized  in  moist  air  as  wrought-iron.  In  salt 
water,  however,  it  is  gradually  softened  and  converted  into  plumbago. ^ 

"Cast-iron  is  peculiarly  adapted  for  columns,  bedding-plates, 
struts,  chairs,  shoes,  heads,  and  all  i)arts  of  a  structure  which  have 
to  bear  none  but  steady  compressive  strains ;  also  for  gutters,  water- 
pipes,  railings,  grate-fronts,  and  ornamental  work  of  nearly  every 
description. 

"  It  has  been  much  employed  for  girders,  but  is  an  untrustworthy 
material  for  those  of  large  size,  or  in  important  positions.  It  is  liable 
to  crack  and  give  way  without  warning  under  sudden  shocks,  and 
also  under  extreme  changes  of  temperature,  such  as  occur  in  the 
case  of  buildings  on  fire,  where  the  girders  may  become  highly 
heated,  and  then  suddenly  cooled  by  water  being  poured  on  them." 
For  lintels  of  short  span  it  is  used  on  account  of  the  ease  of  ailapt- 
ing  it  to  any  condition.  The  main  objection  to  the  use  of  cast-iron 
is  its  brittle  and  unreliable  nature,  danger  of  (laws,  and  danger  of 
snapping  in  case  of  fire  and  sudden  cooling  by  a  stream  of  water. 
'  Or  dissolved. 
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"  Malleable  cast-iron  possesses  originally  the  fusibility  of  cast-iron, 
and  eventually  aecjuires  some  of  the  strength  and  toughness  of 
Malleable  wroiight-iron.     It  may  be  used  for  heads,  shoes  and 

Cast-iron,  other  joints  in  roofs,  and  for  all  articles  in  which  in- 
tricacy of  form  has  to  be  combined  with  a  (.'ertain  amount  of  tough- 
ness. 

"  AYrought-iron  has  many  most  valnal)le  qualities,  though  these 
Wrought-iron.  differ  considerably  as  to  degree  in  different  varieties 
of  the  material. 

"  Its  tensile  strength  is  three  or  four  times  as  great  as  that  of  cast- 
iron,  but  it  offers  not  half  the  resistance  to  compression. 

"  It  is,  however,  very  tough  and  ductile,  and  therefore  gives  way 
gradually  instead  of  suddenly  snapping. 

"Its  elastic  limit  is  equal  to  about  half  its  ultimate  strength,  and  it 
will  bear  repeated  loads  below  that  limit  without  injury. 

"  Wrought-iron  is  practically  infusible,  is  malleable  hot  and  cold,  is 
weldable  at  high  temperatures,  and  can  be  forged  into  various 
shapes. 

"  It  is  subject  to  '  hot  and  cold  shortness  '  produced  by  impurities, 
and  to  other  defects.  Large  sections  are  more  likely  to  contain 
flaws  than  small  ones.  Bars  are,  as  a  rule,  stronger  than  plates,  and 
plates  are  stronger  with  the  grain  than  across  it. 

"jNlalleable  iron  rusts  quickly  in  moist  air,  but  stands  salt  water 
better  than  cast-iron. 

"The  great  tensile  strength  of  wrought-iron  leads  to  its  employment 
for  tie-rods,  bolts,  straps,  and  all  members  of  any  structure  which 
are  exposed  to  tensile  stress;  it  is  also  much  used  for  membei's 
wliich  undergo  compression,"  particularly  if  very  long  compared  to 
their  diameters,  or  if  exposed  to  fire.  "  It  should  be  employed  for  all 
important  iron  beams  and  girders,  especially  those  exposed  to  sudden 
shocks.  In  its  various  forms  it  comes  into  play  in  a  variety  of  ways 
in  roofs,  braced  girders,  and  iron  structures  of  all  kinds.  Corru' 
gated  sheets  are  much  used  for  roof  coverings. 

Hard  and  Soft  "  Steel  differs  even  more  than  wrought  iron  in  the 

Steel,  characteristics  of  its  several  varieties. 

"  It  has  a  high  tensile  strength,  much  greater  than  that  of  wrought- 
iron.  Its  resistance  to  compression  is  also  much  greater.  Moreover, 
it  has  a  harder  surface,  and  is  better  able  to  resist  wear  and  tear. 

"  Ilai'd  steels,  containing  a  large  proportion  of  carbon,  are  fusible. 
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easil)-  tempered,  have  a  high  tenacity  and  elastic  limit.  Their  re- 
sistance to  compression  is  enormous,  especially  when  they  are 
tempered,  but  they  cannot  be  easily  welded  or  forged,  are  brittle, 
and  very  uncertain  in  quality. 

"  Soft  mild  steels  have  a  tenacity  and  resistance  to  compression, 
and  an  elastic  limit  somewhat  "  (proportionately  much)  "  higher  than 
wrought-iron.  They  can  be  hardened  and  tempered,  but  not  easily. 
They  are  weldable  and  easily  forged,  and  afford  a  very  (?)  relialile 
and  ductile  material  adapted  for  structures  subject  to  sudden  shocks. 

"  Steel  is  more  easily  oxidized  than  wrought-iron,  and  far  more 
easily  than  cast  iron. 

"  Steel  is  at  present  hardly  used  at  all  by  the  builder.  Sometimes 
bolts,"  pins,  "and  cotters  are  made  of  steel  for  large  roofs. 

"It  is  not  adopted  for  engineering  structures  to  anything  like  the 
fullest  extent  of  which  it  is  capable,  but  is  required  by  the  engineer 
for  tools,  rails,  boilers,  machinery,  wheels,  etc.,  and  is  coming  into 
use  for  some  of  the  larger  roofs  and  bridges." 

The  process  of  welding  different  pieces  of  iron  together  is  a  very 
Forging  and  important  one  and  as  it  occurs  frequently  should  be 
Welding.  y^^\\  understood  and  carefully  watched.  All  iron  to 
be  forged  to  any  shape  should  be  thoroughly  heated  to  an  almost 
white  heat,  but  not  too  much  for  fear  of  burning  it ;  the  heating 
should  be  as  uniform  as  possible  and  the  iron  should  be  worked  as 
quickly  as  possible.  The  he.'.t  destroj-s  the  fibrous  nature  of  the 
iron,  and  crystallizes  it,  but  the  fibres  are  again  restored  by  hammer- 
ing. Care  must  therefore  be  taken  to  thoroughly  hammer  all  ])arts. 
All  angles  should  be  avoided  in  forgings.  Welding  is  the  same  pro- 
cess as  forging,  except  that  two  separate  parts  are  joined  together. 
The  metal  in  each  is  lieated  and  the  two  are  thoroughly  hammered 
together.  It  is  very  easy  to  weld  two  pieces  of  wrought-iron  together, 
as  the  iron  becomes  sticky  at  a  comparatively  low  temperature. 
Pieces  of  steel  can  be  welded  together  if  both  are  low  in  carbon. 
Those  high  in  carbon  cannot  be  welded.  Iron  and  steel  can  be 
welded  together  if  the  steel  does  not  contain  too  much  carbon. 
AVhere  the  amount  of  carbon  contained  in  the  two  ])ieces  to  i)e 
welded  varies,  the  one  with  least  carbon  should  be  heated  to  a 
greater  temperature  than  the  other.  With  cast-iron  no  welding  is 
possible.  Wcldeil  joints  in  tension  are  considerably  weaker  than 
the  orjirinal  metal. 
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Sometimes  layers  of  steel  and  iron  are  piled  together,  heated  and 
Welded  Steel  rolled  out  into  one  mass,  called  three-ply  steel  and 
and  Iron,  iron,  five-ply,  etc.,  according  to  the  number  of  plates 
in  the  pile.  These  are  used  for  safes  and  vault-work ;  after  being 
rolled  the  steel  is  tempered  or  softened,  the  iron  not  being  affected 
by  the  process.  The  plates  are  now  fitted,  drilled,  etc.,  and  then 
are  hardened,  when  it  becomes  impossible  to  drill  them  on  account 
of  the  extreme  hardness  of  the  steel  layers,  nor  can  they  be  broken 
by  sledge  hammers  or  hydraulic  rams,  on  account  of  the  elasticity  of 
the  iron  layers,  which  are  not  affected  by  the  hardening  process. 

In  hardening  steel  the  colder  the  water  and  the  more  suddenly  the 

....  _,  heated  metal  is  pluniied  into  it,  the  harder  will  be 

Hardening  and  i        o  ' 

Tempering  the  quality.  By  using  oil  for  the  cooling  plunge  in- 
stead  of  water  the  steel  is  less  likely  to  crack  or 
warp  during  the  process.  To  remove  the  brittleness  from  hardened 
steel  it  is  tempered  as  already  explained,  by  reheating  it  to  a  much 
lower  temperature,  however,  than  before,  and  again  plunging  it  in  a 
water  bath  to  cool  or  allowing  it  to  cool  slowly.  Hardening  steel 
adds  orreatlv  to  its  tensile  strength  and  increases  the  limit  of  elastic- 
ity, but  on  the  other  hand  greatly  reduces  its  ductility. 

To  soften  very  hard  steel  it  is  annealed,  that  is,  heated  to  a  red 
Softenlngor  An- ^^'^''^^  ^"^^  '^"-'^  allowed  to  cool  very  slowly  in  an 
nealing  Steel,  annealing  oven.  The  latter  is  a  brick  air-tight 
chamber  in  which  several  pieces  of  heated  steel  are  placed  to  cool. 
The  process  of  cooling  is,  of  course,  very  slow,  as  the  heat  is  re- 
tained by  the  brick  walls  and  the  radiations  of  heat  from  the  differ- 
ent pieces  greatly  retard  each  other  in  cooling.  In  this  way  steel 
can  be  made  to  regain  its  original  softness. 

"  Case  hardening  "  is  a  process  by  which  wrought-iron  retains  its 
Case  Harden-  •  tough  and  elastic  nature  but  changes  only  its  ex- 
'"S"  ternal  skin  to  a  depth  of  from  Jg"  to  |"  into  hard 
steel  so  as  to  better  resist  wear  and  tear  from  external  causes.  This 
is  accomplished  by  placing  the  iron  in  a  box  with  bone  dust  and 
heating  it  to  a  red  heat ;  it  is  kept  thus  for  from  half  an  hour  to 
eight  hours,  according  to  the  depth  of  skin  desired  and  then 
quenched  in  cold  water. 

If  the  whole  is  to  remain  malleable  it  is  not  quenched  in  water  but 
allowed  to  cool  very  slowly  which  leaves  a  skin  of  soft  or  mild  steel. 
This  is  worked  as  desired  and  on  completion  the  whole  is  rc-heated 
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and  quenched  suddenly,  which  hardens  the  steel  skin,  but  does  not 
affect  the  iron  interior. 

The  protection  of  iron  after  erection  is  a  very  important  subject 
Protection  from  to  the  architect.  If  iron  is  exposed  to  the  air,  par- 
Rust,  ticularly  alternating  damp  and  dry  air,  or  to  wet 
mortar,  it  will  surely  rust  unless  protected.  Rust  means  the  gradual 
scaling,  corrosion,  and  crumbling  of  the  whole.  Cast-iron  is  the 
least  liable  to  rust;  wrought-iron,  however,  is  very  liable  to  it,  and 
steel  even  more  so.  In  cast-iron  the  skin  formed  during  the  cooling 
of  the  metal  by  fusion  with  the  mould  sand  and  absorption  of  gases, 
is  not  only  supposed  to  give  great  strength  to  the  metal,  but  offers  its 
best  protection  against  the  weather.  When  this  is  removed  or 
damaged,  the  iron  is  not  only  supposed  to  be  greatly  weakened  in 
strength  but  it  is  certainly  very  much  more  liable  to  rust. 

Rust  is  like  a  disease,  and  must  be  entirely  cleaned  off  the  metal 
before  covering  it,  or  it  will  continue  to  eat  its  way  in.  Where 
sand-paper  is  not  sufficient  for  its  reuioval,  a  bath  of  diluted  sulphuric, 
muriatic,  nitric  or  other  strong  acid  should  be  resorted  to. 

All  parts  which  are  planed  and  are  to  make  exact  joints,  and  can- 
not, therefore,  be  painted,  should  be  kept  carefully  covered  at  all 
times  until  erection  with  a  heavy  coating  of  lard  and  white  lead 
mixed. 

All  iron  and  steel  pieces  should  be  so  designed  that  all  parts  are 
Metallic  Paints,  readily  accessible  for  painting.  For  this  purpose  it 
is  usual  to  use  any  of  the  so-called  metallic  paints,  which  are  made 
mainly  from  earths  rich  in  iron  ore  (red  oxide  of  iron).  A  heavy 
coat  of  this  should  be  put  on  immediately  after  finishing,  first  re- 
moving all  loose  scales.  In  practice,  however,  this  is  rarely  done,  as 
it  is  found  cheaper  by  the  iron  contractor  to  do  his  own  painting, 
rather  than  to  pay  the  mill  price.  The  architect  should  insist,  how- 
ever, that  every  speck  of  rust  and  all  loose  scales  be  cleaned  off  be- 
fore any  painting  be  done,  and  should  not  be  talked  out  of  it  by  the 
so-called  practical  man  (who  always  has  plenty  of  "pocket  judg- 
ment "). 

In  j)lace  of  metallic  paints,  a  mixture  of  red  lead  and  linseed  oil 
makes  an  excellent  protector,  but  is  rather  more  expensive  than 
most  metallic  jjaints,  as  it  does  not  cover  so  much  surface  as  the 
latter.  Some  authcjiities  claim  that  lead  paints  set  uj)  galvanic 
action   with  the   iron,  and  so  injure  it.     On  the-  oilier  hand,   it    the 
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metallie  paint  is  made  from  a  protoxide  of  iron,  instead  of  red  oxide, 
it  is  said  it  will  rust  witliin  itself. 

There  should  never  be  less  than  two  coats  of  metallic  or  red-lead 
Finishing  paint  on    iron  before  attempting  to  finish   same  in 

Paints,  colors,  bronzing  or  gilding.  It  will  take  at  least  two 
additional  coats  of  white  lead  and  oil  paint  in  colors  to  hide  the  color 
of  the  metallic  paint.  These  two  additional  coats  should  also  be  put 
on  under  and  before  bronzing  or  gilding.  Bronzing  is  done  on  in- 
terior work  only,  and  is  done  by  painting  with  a  mixture  of  bronze 
powder  and  varnish.  In  gilding,  the  paint  is  covered  with  a  coat  of 
the  usual  oil  gold-size,  and  then  the  hammered  gold-leaf  is  put  on. 

Iron  is  frequently  galvanized,  which  gives  it  an  effectual  protect- 
/»-,!„.,«:, !«o-  inii  skin  so  long  as  this  remains  intact,  and   is    not 

Process,  cracked  or  broken  by  bending  or  blows.  This  skin 
consists  of  a  thin  coating  of  zinc.  The  iron  is  first  cleaned  by  being 
soaked  in  a  weak  solution  of  sulphuric  acid,  is  then  sand-papered 
and  washed.  After  this  it  is  dipped,  while  hot,  into  a  bath  of 
chloride  of  zinc  and  then  "  plunged  into  molten  zinc,  the  surface  of 
which  is  protected  by  a  layer  of  sal  ammoniac." 

In  many  cases,  particularly  with  cast-iron  pipes,  the  iron  is  tarred. 
Tarring  Process.This  is  a  very  good  protection  for  the  iron,  but  is 
apt  to  cover  up  and  hide  defects,  such  as  sand-holes,  etc.;  for  this 
reason  the  use  of  tarred  pipes  is  sometimes  prohibited,  notably  by 
the  New  York  City  Board  of  Health.  The  iron  is  heated  to  700°  F., 
and  dipped  into  a  mixture  of  coal-tar,  pitch  and  five  per  cent  to  six 
per  cent  of  linseed  oil,  heated  to  300°  F.  The  iron  is  left  in  it  till  it 
acquires  the  temperature  of  the  mixture,  when  it  is  removed.  In 
practice,  the  iron  is  usually  dipped  into  the  mixture  without  the  pre- 
paratory heating. 

Sometimes  iron,  notably  registers  and  hardware,  is  japanned. 
Jaoanning  This  consists  in  painting  the  iron  with  a  mixture  of 

Process,  lead-paint,  oil  and  copal  varnish,  with  successive 
coats  of  copal  varnish,  all  dried  at  a  very  high  temperature. 

Sometimes  iron  is  protected  and  beautified  by  electro-plating. 
Electro-plating  '^  'li*  consists  of  depositing  on  the  iron  in  an  electric- 
Process,  bath  successive,  but  very  thin,  layers  of  brass, 
copper,  bronze,  etc.     These  effects  are  very  beautiful,  but  expensive. 

The  Bower-Barff  process  turns  the  outside  skin  of  the  iron  into  a 
magnetic  oxide  of   iron,  the  color    being  of   a  very  beautiful  dark 
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blue-black,  and  susceptible  of  a  high  polish.  The  iron  is  thoroughly 
cleaned  and  put  into  an  air-tight  chamber,  and  kept  at  a  very 
Bower-Barff  ^ig^  temperature.  Superheated  steam,  or  air 
Process,  heated  to  a  very  high  temperature,  sometimes 
as  high  as  1600°  F.,  is  then  passed  over  the  iron  for  from  five 
to  seven  hours. 

The  effectiveness  of  this  coating  to  resist  rust  depends  upon  the 
length  of  the  exposure  in  the  oven  and  the  height  of  the  temperature. 

A  strong  cement  for  filling  poor  joints  between  ironwork  under 
Iron  Cement.  compression  is  made  of  sal  ammoniac,  iron  filings 
and  sulphur.  The  more  iron  used  in  proportion  to  the  other  in- 
gredients, the  slower  will  the  cement  set. 

It  is  frequently  attempted  to  get  extra-strong  irons  or  steels  by 
Re-melting  re-working  them.     In  cast-iron,  as  a  rule,  re-melting, 

Cast-iron,  within  reasonable  limits,  increases  the  strength  of 
the  iron.  Box  gives  one  case  where  the  second  melting  added  some 
forty  per  cent  to  the  original  tensile  strength  of  the  pig-iron ;  the 
third  melting  added  some  fifty  per  cent  to  this,  or  more  than  doubled 
the  original  strength ;  and  the  fourth  melting  added  another  twenty 
per  cent  to  this,  or  the  metal  became  about  two  and  one-half  times 
its  original  strength  (tensile).  On  the  other  hand,  Mr.  Fairbairn 
found  that  the  transverse,  tensile  and  compressive  strength  of  cast-iron 
was  reduced  gradually  to  the  third  or  fourth  melting,  then  increased 
with  each  melting  till  they  reached  their  maximum  at  about  the  twelfth 
melting,  and  after  that  again  decreased  very  rapidly.  Accordingly, 
if  the  strength  of  the  pig-iron  were  ^1,0  the  third  melting  (second 
after  pig)  would  give  a  minimum  transverse  strength  of  0,82  and  a 
minimum  tensional  strength  of  0,77;  while  the  maximum  transverse 
strength  1,41  and  the  maximum  tensile  strength  1,32  would  be 
reached  at  the  twelfth  melting. 

With  compression,  the  minimum  strength  0,92  would  be  reached 
at  the  fourth  melting,  and  the  maximum  2,18  at  the  fourteenth  re- 
melting.  According  to  Gauthier's  analysis,  re-melting  turns  gray 
irons  to  white,  decreases  the  graphitic  carbon  and  the  silicon,  and 
increases  the  combined  carbon,  thus  rendering  the  iron  weaker  in 
resisting  tensile  or  transverse  strains,  but  stronger  in  resisting  com- 
pression. 

However,  tlie  wiiole  sul)ject  is  very  uncertain,  the  increase  or 
decrease  of  strength  by  re-meltings  depending  evidently  on  the  par- 
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ticular  mixture  of  iron  used.  A  test  in  each  case  would  be  the  only- 
reliable  criterion.  It  must  be  remembered,  too,  that  re-meltings 
mean  much  additional  expense. 

If  cast-iron  be  kept  melted  in  the  furnace  for  a  long  time  —  from 
one  to  three  hours  —  it  can  be  greatly  increased  in  tensile  strength, 
some  experiments  showing  nearly  doubled  strength. 

Cold-blast  iron  seems  to  be  stronger  than  hot-blast  (in  tension), 
varying  with  the  temperature  of  the  test  piece,  the  cold-blast  iron 
beino-  nearly  twenty-five  per  cent  stronger  than  iron  made  with  a 
blast  at  250°  F. 

Mr.  Thomas  Box  has  collected  all  the  data  obtainable  as  to  the 
Eff  ct  of  Thick-  effect  of  thickness  on  cast-iron,  and  from  them  is 
ness.   obtained  the  formula  : 

(100) 


Where  b  =  the  least  thickness  of  a  casting,  in  inches. 

"Where  f^the  ultimate  tensional  stress,  per  square  inch,  of  a 
similar  casting,  whose  least  thickness  is  one  inch. 

Where  t,  =  the  ultimate  tensional  stress,  per  square  inch,  of  a 
casting,  whose  least  thickness  is  h  inches, 
and 

7.  _     -^JL.  (101) 

Where  h  =:  the  least  thickness  of  a  casting,  in  inches. 

Where  k  =  the  ultimate  modulus  of  rupture,  per  square  inch,  of 
a  casting  whose  least  thickness  is  one  inch. 

Where /j,  =  the  ultimate  modulus  of  rupture,  per  square  inch,  of 

a  casting  whose  least  thickness  is  b  inches. 

Accordingly  if  the  transverse  or  tensional  strength 
Proportionate         .  .  •      i     .i  •  i     i  -i  ^  i       i  i 

Strength  of     of   a  castmg   one   inch   thick   be  ^1,0  we   siiouia 
castings.   ^^^,g. 

For  ^  inch  thick  =  1,350 

For  1     inch  thick  =  1,000 

For  1^  inch  thick  =  0,907 

For  1^  inch  thick  =:  0,838 

For  13  inch  thick  =  0,783 

For  2    inch  thick  =  0,739 

For  2i  inch  thick  =  0,671 

For  3    inch  thick  =  0,620 


For 

4 

For 

5 

For 
To.- 

6 
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For 

i 

8 
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inch  thick  =  0,547 

inch  thick  =  0,497 

inch  thick  =  0,459 

incli  thick  =  0,429 

inch  thick  =  0,405 

inch  thick  =  0,385 
For  10    inch  thick  =  0,367 

According  to  Hodglcinson  the  tensile  strengths  of  cast-iron  bars 
1",  2"  and  3"  thick  would  be  as  1,0  is  to  0,8  and  to  0,7  7  or  slightly 
more  than  the  above. 

With  wrought-iron  the  strength,  according  to  Clay,  increases  -with 
each  rolling  to  the  sixth;  and  then  again  decreases;  or  if  the  strength 
(tensional)  of  the  muck-bar  be  =  1,0  then  that  of  a  piece  piled  and 
rolled  three  or  four  times  =  1,36  ;  and  if  six  times  =  l,41 ;  decreasing 
again  to  =  1,0  at  the  twelfth  re-working.  This,  however,  as  already 
Effect  of  Re-  stated  is  shown  to  be  very  doubtful  with  American 
iron,  irons,  and  largely  dependent  on  the  nature  ot  the 
muck-bar.  Kirkaldy  has  shown  that  welding  does  not  make  as 
strong  a  joint  as  the  original  iron.  He  made  some  eighteen  experi- 
ments on  welded  bars  of  wrought-iron  from  1^''  to  |"  diameter,  the 
result  being  that  none  were  equal  to  the  original  strength.  The 
maximum  strength  attained  was  97,4  per  cent;  the  minimum  56,2 
per  cent  and  the  average  was  80,62  per  cent  of  the  original  strength. 
Welded  joints  should,  therefore,  be  taken  at  only  about  four-fifths  of 
the  strength  of  iron  in  calculating  for  tension  or  transverse  strains. 
It  is  usual,  however,  to  call  for  sufficient  extra  metal  in  all  welded 
joints,  so  that  the  pieces  must  invariably  break  elsewhere  than  at  the 
joint,  when  tested. 

In  wrought-iron  the  skin  seems  to  add  some  strength  to  the  metal 
and  for  this  reason,  partly  also  on  account  of  the  more  intrici^te  in- 
terlacing of  fibres  in  bar-iron,  which  is  worked  on  all  sides,  bar-iron 
is  generally  stronger  than  plate-iron ;  plate- iron  be- 

Bar-lron  •       about  84  per  cent  of  bar-iron.      The  plate-iron 

Strongest.       r>  i  i 

itself  is  always  stronger  with  the  grain  than  across 

it,  resembling  wood  in  this  quality.  Experiments  have  shown  the 
tensile  strength  to  be  nearly  10  per  cent  greater  along  the  grain, 
than  across  it.  Shearing  would  show  even  greater  difference,  being 
some  25  per  cent  easier  with  the  grain  than  across  it. 

Wrought-iron  should  always  be  heated  before  hammering  or  work- 
ins. 
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Its  tensile  stress  is  greatly  reduced  by  cold  hammering  ;  experi- 
ments (according  to  Box)  showing  the  reduction  to  be 
a  loss  of  32  per  cent  if  2"    thick 
a  loss  of  36  per  cent  if  li"  thick 
a  loss  of  13  per  cent  if  1"    thick 
or  an  average  loss  of  27  per  cent  by  cold  hammering. 

By  annealing   the  iron  the  strength  can  be  jiar- 

Effectof  Cold      tially  restored  but  not  entirely,  the  loss  in  the  above 
Rolling.  ■'  •' 

experiment  still  being  after  the  annealing 

some  14     per  cent  in  the  2"    thick  iron 

some    4     per  cent  in  the  1^"  thick  iron 

some    8,6  per  cent  in  the  1"    thick  iron 
or  an  average  loss  of  about  9  per  cent. 

Unwin,  however,  claims  the  exact  opposite.  According  to  tests 
quoted  by  him,  wrought-iron  and  mild  steel  increase  in  tensional 
iStrength  and  have  a  greater  elastic  limit,  if  worked  cold,  but  suffer 
a  large  loss  in  ductility.  The  working  however  must  be  uniform  on 
all  parts  and  not  local  otherwise  the  material  is  weakened  by  uneven 
resistance.  Annealing,  according  to  Unwin,  removes  the  effects 
of  cold  rolling  or  cold  working  and  should  be  used  where  this  is  only 
local  or  on  certain  parts,  as  in  the  case  of  punching  of  rivet  holes, 
where  the  part  around  the  hole  is  hardened  by  cold  hammering  and 
the  rest  left  unhardened.  He  cites  the  process  of  wire-drawing, 
■which  is  similar  to  cold  rolling  and  certainly  adds  greatly  to  the 
tensional  strength  of  the  material. 

He  finds  one  very  curious  fact,  however,  and  that  is  that  while 
neither  cold  nor  hot  working  hurts  wrought-iron  or 
Avoid  Blue-  j^jiij  steel,  working    them    at   an    intermediate   or 

"blue-heat,"  that  is  at  about  470°  to  600°  F.,  is 
positively  harmful.  In  many  tests  it  was  found  that  samples  of 
either,  about  f  inches  thick,  could  be  bent  back  and  forth  on  an 
average  some  twenty  times,  without  breaking,  if  they  were  either 
cold  or  red  hot.  But  if  heated  to  an  intermediate  blue-heat  they  all 
broke  readily  after  being  bent  back  and  forth  only  two  or  three 
times.  Annealing  ordinary  wrought-iron  means  a  loss  of  from  5  per 
cent  to  10  per  cent  in  tensile  strength.  The  strength  is  not  affected, 
however,  by  low  temperatures  nor  ordinary  variations  in  tempera- 
ture, nor  very  much  at  higher  temperatures.  At  high  temperatures 
up   to  from   600°  to  900°  F.  the  tensile  strength  of  wrought-iron 
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increases  somewhat.  Beyond  this  it  decreases  rapidly.  Pure 
wrought-iron  will  increase  up  to  a  higher  temperature  than  impure 
iron.  Neither  cast-iron  nor  steel  are  affected  much  by  low  tempera- 
ture nor  the  ordinary  variations  in  same. 

"With  steel  the  tensional,  transverse  and  compressive  stresses  vary 
_.      ,       .  greatly  with  the  composition  of  the  material.      As 

with  carbon  in  already  stated  the  more  carbon  it  contains,  the  less 
s  reng  .  gjj^g^j^.^  ^^^^  ^^le  harder  is  the  steel,  while  the  less  car- 
bon it  contains,  the  more  elastic,  but  less  hard  will  it  be.  The  ulti- 
mate limits  for  tension  per  scpiare  inch  are  given  in  Table  IV  from 
42000  pounds  to  108000  pounds  and  for  compression  from  90000 
pounds  to  150000  pounds,  all  per  square  inch. 

Steel  like  wrought-iron  is  stronger  in  bars  than  in  plates  (plate- 
steel  being  about  80  per  cent  of  bar-steel),  and  is  stronger  with  the 
grain  tlian  across  it.  The  proportions  for  tension  and  shearinor 
across  or  along  the  grain  being  about  the  same  in  steel  as  in  the 
wrought-iron.  In  regard  to  re-working,  according  to  Mr.  Clay, 
the  strength  of  steel  is  increased  to  the  fourtli  piling,  and  then  de- 
clines, until  at  the  seventh  re-working  it  is  weaker  than  after  the 
first  working.  Or,  if  the  tensional  strength  of  the  first  working  is 
=:  1,0  tlie  fourth  is^  1,253  and  the  seventh  =  0,94.  This,  however, 
is  quite  as  dubious  as  the  advantage  of  re-working  wrought-iron  very 
often.  "Welded  joints  in  steel  are  very  much  weaker  than  the 
original  metal,  having  only  some  40  per  cent  to  55  per  cent  of  the 
strength  of  the  unwelded  parts. 

If  steel  plates  are  worked  cold  they  lose  strength  greatly.  (Unwin, 
however,  denies  this  for  mild  steel  if  working  is  uniform.)  Punch- 
ing them  cold  decreases  their  tensional  strength 
''°  "°steerco^ld.  ^o™«  ^^  P^-'^"  '"'^"t'  i^  ^'^^Y  ^'^rd  steel ;  the  milder  the 
steel  the  less  will  the  loss  be.  But  this  loss  can  be 
restored  again  by  annealing  after  punching.  Annealing  instead  of 
damaging  steel  plates  greatly  increases  their  tensional  strength, 
particularly  if  the  steel  is  very  hard,  adding  some  50  per  cent  to 
same ;  but  is  of  slight,  if  any,  advantage  in  mild  steel.  But  after 
all  said,  the  only  sure  method  for  the  architect  to  pursue  is  to  make 
careful  tests  to  see  whether  the  material  possesses  the  necessary 
(jualities  and  strengths  he  desires.  CheuiiLiil  ti-sts  should  therefore 
give  way  to  practical  tests. 

The  tensional  or  compressive  ultimate    strength    can  be    readily 
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ascertained  by  testing  small  pieces  in  testing-macliines,  and  making 
proper  allowances  for  the  differences  in  sizes  of  test-pieces  and  full 

size  members.  These  machines  are  of  various  sorts, 
Tests  for^^^^^^  1^^^^.  generally  by  hydraulic  power  or  weights,  greatly 

increased  by  leverage  or  screw-action,  they  tear 
small  specimens  apart,  or  else  crush  them,  the  effects  on  the  pieces 
being  carefully  noted  and  recorded.  Some  of  the  machines  make 
automatic  records.  The  kind  of  machine  used  is  not  so  essential  to 
the  architect  so  long  as  he  has  ascertained  its  reliability.  From  the 
tensional  and  compressive  ultimate  strength  the  cross-breaking 
strength  of  the  specimen  can  be  calculated ;  or  the  modulus  of 
rupture  can  be  obtained  by  breaking  specimens  across  with  centre 
loads  and  calculating  the  modulus  of  rupture  by  the  following 
Formula  : 

Modulus  of  3    u:l 

rupture  from  A'  =  -. ^—^  (102) 

tests.  2  b.(i^  ^        ^ 

Where  k  =  the  ultimate  modulus  of  rupture  of  a  material,  in 
pounds,  per  square  inch. 

Where  U'==  the  load  or  amount  of  pressure,  in  pounds,  applied 
at  the  centre,  required  to  break  a  specimen  of  rectangular  cross- 
section,  lying  on  two  supports. 

Where  I  =  the  clear  length,  in  inches,  between  supports. 

Where  b  =  the  width  of  specimen,  in  inches,  measured  (across 
the  specimen)  at  right  angles  to  the  line  of  pressure. 

Where  d  =  the  depth  of  specimen,  in  inches,  measured  along 
the  line  of  pressure. 

Where  the  test  specimen  is  exactly  square  in  cross-section  and  of 
one  square  inch  area,  that  is  one  inch  by  one  inch,  and  where  the 
supports  are  exactly  twelve  inches  apart,  and  the  load  or  pressure 
applied  in  the  centre,  the  modulus  of  rupture  will  always  be  eighteen 
times  the  load  or  pressure,  or : 

k=lS.w  (103) 

Where  t^the  ultimate  modulus  of  rupture  of  a  material,  in 
pounds,  per  square  inch. 

Where  er=  the  load  or  pressure,  in  pounds,  applied  at  the 
centre,  required  to  break  a  test  specimen,  of  one  inch  by  one  inch 
(square)  cross-section,  lying  on  supports  exactly  twelve  inches  apart. 
The  shearing  strength  is  generally  found  by  direct  tests. 
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Test   specimens  of   steel,  wrought  or  cast  iron,  should  never  be 

broken  off  suddenly,  or  by  blows ;  nor  should  they 

Plane  off  test      ^g  iarred,  as  otherwise  the  fibres  crystallize  more  or 
spectmens.         J  '  ,         ^  ,  ,  rr., 

less   and    this    greatly    affects    the    result.       ihey 

should  be  carefully  planed  off  in  the  machine-shop. 

Another  important  point  is  to  be  sure  to  have  all  test  specimens, 
when  not  cut  off  the  actual  pieces  being  used,  of  the  same  mate- 
rial and  general  thickness  as  the  pieces. 

In  cast-iron,  frequently,  test-pieces  are  cast  on  to  each  piece,  these 
are  broken  off  and  tested.  They  should  not  be  broken  off,  however, 
except  in  the  presence  of  the  architect  or  his  inspector.  If  they  are 
of  the  same  thickness  as  the  piece,  they  offer  a  fair  test  ;  if,  how- 
ever, they  are  much  smaller  and  thinner  than  the  piece  no  reliance 
can  be  placed  on  the  result. 

In  wrought-iron  and  steel  it  is  best  to  roll  the  pieces  a  little  too 
long  and  plane  off  the  superfluous  ends  for  testing. 

Besides  the  tests  as  to  strength  there  are  many  tests  resorted  to 
to  ascertain  approximately  the  quality  of  the  mate- 
Other  Tests.        ^j^j_      ^  £g^  ^jji  ^^  gi^,gQ  i^gre^      Xf  cast-iron  be 

struck  on  its  edge  a  sharp  blow  with  a  chisel  or  hammer,  it  is  of  soft 
and  good  quality  if  it  can  be  indented.  If  it  breaks  it  is  very  hard 
and  brittle.  If  it  rings  out  clearly,  it  is  a  good  casting  ;  if  the  sound 
is  dull  it  is  full  of  sand-holes,  air-bubbles  ^r  flaws. 

If  the  surface  is  smooth,  even  and  hard,  and  the  edges  sharp  and 
perfect  it  is  a  good  casting.  If  the  edges  or  surfaces  are  uneven 
and  wavy  it  is  an  indication  of  unequal  shrinkage  and  cooling  or 
more  likely  unskilful  ramming  of  the  sand  in  the  flask  around  the 
pattern  or  mould.  If  hollow  pieces,  when  tapped,  show  uneven 
thicknesses  on  opposite  sides  the  core  has  sagged  or  floated  in  the 
mould. ^ 

In  iron  and  steel  the  principal  tests  resorted  to  are  for  tensional 
strength,  elasticity,  ductility  and  limit  of  elasticity.  These  will  be 
explained  presently.  The  nature  of  the  material  can  also  be  more 
or  less  ascertained  by  fracture  and  bending.  It  is  almost  impossible, 
however,  to  distinguish  mild  steel  from  wrought-iron  excepting  by 
tests  for  strength,  and  to  ascertain  whether  or  no  they  can  be  hard- 
ened or  tempered,  as  already  explained.      If  specimens  of  iron  or 

>A  skilful  iiionlfierwill  arrange  vent-holes  and  spaci-s  so  in  the  mould  as  to 
avoid  dirt  and  blow-holes,  no  matter  what  the  shape  of  the  piece. 
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steel  on  fracture  show  a  close,  silky,  fibrous  grain,  with  few  bright 

or  crystaline  specks  the  metal  is  good.       If  there  are  many  crystals 

in  the  fracture,  and  particularly  if  they  are  coarse 

Condition  of  j  large,  and  there  are  great  "  blotches  "  of  color, 

Fracture.  <=  '  ° 

or    other    evident    impurities,   the    metal    is   poor. 

The  color  of  the  fibres  is  grey,  that  of  crystals  of  a  bright  silvery 

aspect.     It  must  be  always  remembered,  however,  to  get  the  fracture 

by  planing,  or  by  slow  bending,  when  cold,  otherwise  crystals  will 

be  formed  while  testing. 

Specimens  are  frec^uently  nicked  and  then  bent  cold  until  frac- 
tured, in  such  cases  there  will  usually  be  a  large 
en  ng  es  .  pgj.(,yjj(-a^gg  pf  crystals  close  to  the  nicked  part,  but 
none  in  the  other  half.  All  iron  should  be  required  to  be  free  from 
all  visible  seams,  blisters,  buckles,  cinder  spots  or  imperfect  edges. 

If  iron  or  steel  pieces  on  fracture  show  the  seams  where  the 
different  layers  have  been  piled  and  rolled  together,  that  is,  if 
the  seams  open  perceptibly  and  are  very  marked,  the  metal  is  badly 
rolled  or  united.  If  these  seams  can  be  distinctly  seen  by  the  naked 
eye  before  fracture,  the  quality  is  even  poorer.  If  iron  or  steel  for  a 
few  hours  be  immersed  in  or  wetted  with  some 
strong  acid,  such  as  either  nitric,  muriatic  or  sul- 
phuric acid,  the  parts  between  the  fibres  will  be  eaten  away,  and 
the  latter  will  be  distinctly  exposed.  The  architect  can  then  readily 
judge  of  the  nature  of  the  rolling  or  working,  whether  the  layers  (or 
piles)  are  thoroughly  worked  together,  and  whether  the  fibres  are 
close  and  all  thoroughly  interlaced. 

Good  wrought-iron  should  be  capable  of  being  bent  double,  with- 
out fracture,  while  cold,  over  a  cylinder  of  diameter  equal  to  twice 
the  thickness  of  the  piece.  The  iron  should  not  crack  under  this 
test.  If  nicked,  and  then  bent  double  suddenly  by  a  blow  from  a 
sledge  hammer  the  fracture  should  show  but  a  small  proportion  of 
crystals  and  these  nearer  the  nicked  edge. 

Beams,  channels,  angles  and  tees  should  be  capable  of  having  their 
flanges  or  legs  bent,  that  is  rolled  up  longitudinally  and  away  from 
the  web  or  other  leg  without  opening  the  inside  joint  between  web 
and  flanges,  or  between  legs.  In  practice,  however,  the  iron  usually 
furnished  by  the  mills  will  not  stand  so  severe  a  test.  Its  quality 
will  be  in  proportion  to  its  ability  to  stand  this  severe  test. 

Fio-ure    161    shows    a    few    illustrations    of    such   bending    tests, 
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the  dotted  lines  showing  outlines  of  original  sections,  before  bend- 


Tests  for  mild  steel  should  be  the  same  as  for  wrought-iron. 

Ductility  and  elasticity  are  the  same  practically  as  stretching.     If 

the  material  has  high  ductility  its  cross-section  -will 

Ductility  and       ^^  diminished  greatlv,  when  stretched,  before  break- 
Elasticity.  D  .  ' 

ing.     If  it  has  great  elasticity  it  will  stretch  greatly, 

that  is,  become  much  longer  before  breaking. 

AVrought-iron  should  be  allowed  a  stretch  =  2^  of   an  inch  for 


< /_ 


Fig.    161. 


each  foot  of  length  of 
specimen  if  subjected 
to  a  tensional  strain  of 
10000  pounds,  per 
square  inch.  Every  im- 
portant tensional  \wce 
should  be  tested  up  to 
10000  pounds,  per 
scjuare  inch.  T  hose 
elon<ratin<r  more  should 


be  condemned.     On  removing  the  strain  the  piece  should  recover  its 

original  length  exactly. 

Test  pieces  should  be  strained  up  to  18000  pounds,  per  square 

inch,  for  compression  and  should  then  recover  their 

Safe  strains         orifrinal  thickness,  they  should  not  crush  comjjletely 

in  testing.         "  >         /  i  j 

under  3G000  pounds,  j)er  scjuare  inch.     Compression 

test-pieces  must,  of  course,  be  short  blocks  or  cuiies.     They  should 

staml    at    least   25000    pounds,  i)er  square  inch,  in  tension   without 
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losing  their  capacity  for  recovering  their  original  length,  and  should 
not  tear  apart  under  less  than  50000  pounds  tension,  per  square 
inch  for  small  sections ;  if  sections  or  plates  are  large  they  should 
stand  at  least  4G000  pounds  tension. 

For  steel  the  above  limits  must  be  varied,  according  to  whether 
mild  or  hard  steel  is  desired. 

All  metals,  theoretically  change  their  dimensions  under  the  slight- 
est strain.     That  is,  they  become  longer  under  tensional  strains,  and 

shorter  under  compi'essive  strains.     When  the  strain 
Permanent  Set.   .  ^     •   i    •  t   , 

IS  removed  the  material  is  supposed  to  recover  its 

original  length.     This,  however,  is  true  only  up  to  a  certain  strain  ; 

when  this  is  exceeded  the  material  loses  its  power  to  recover  and 

remains   permanently    elongated   or    shortened.       This   permanent 

elongation  or  shortening  is  called  the  '■^permanent  set"  the    strain 

(per    square  inch)  which  produces  it  is  called  the 

Elastic  Limit,     u^jg^dc  limit"     This  elastic  limit  varies  in  different 

materials,  but  is  approximately  at   about   one-half  of   the  ultimate 

strain,  or  strain  per  square  inch  that  will  crush  or  tear  apart  the 

material. 

In  very  hard  materials  it  is  more  than  half  the  strain,  for  such 
materials  not  being  elastic,  will  stretch  (or  shorten)  but  very  little 
and  will  not  show  appreciable  variation  until  a  high  strain  is  reached, 
when  thev  show  a  set  quickly,  and  break  soon  after.  In  soft, 
elastic,  ductile  materials  they  begin  showing  permanent  stretching 
(or  shortening)  very  early  and  continue  to  do  so  for  a  long  time  be- 
fore breaking.  The  following  will  be  quite  safe  to  follow  as  general 
guides. 

For  cast-iron  the  elastic  limit  is  about  ^  of  the  ultimate  tensional 
or  compressive  stress. 

For  tcrouf/ht-irou  the  elastic  limit  is  about  ^  of  the  ultimate  ten- 
sional or  compressive  stress  in  bars,  and  about  |  in  plates. 

For  mild  steel  the  elastic  limit  is  about  -^^  and  from  this  it  varies 
to  about  -I  for 

Hard  steel — both,  of  course,  of  either  the  ultimate  tensional  or 
compressive  stress. 

Table  XXX  gives  the  amount  of  extension  and  contraction,  in 
inches,  for  different  strains,  of  cast-iron  and  wrought-iron  pieces,  if 
each  piece  were  one  hundred  feet  long. 
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Amount  of  Extension  and  Contraction,  in  inches,  of  Cast  and 
Wrought  Iron  Bars,  100  ft.  long,  under  different  strains. 


Strain,  per  square 
inch,  in  pounds. 

CAST 

IRON. 

WROUGHT  IRON. 

Extension, 
under  tension. 

Contraction, 
under  compression. 

Extension,  under  ten- 
sion or  contraction, 
under  compression. 

1000 

0,08308 

0,09155 

0,0444 

2000 

0,17150 

0,18404 

0,0889 

3000 

0,26528 

0,27747 

0,1333 

4000 

0,36442 

0,37185 

0,1778 

5000 

0,46890 

0,46715 

0,2222 

6000 

0,57874 

0,56341 

0,2667 

7000 

0,69392 

0,66061 

0,3111 

8000 

0,81446 

0,75875 

0,3556 

9000 

0,94036 

0,85783 

0,4000 

10000 

1,07160 

0,95784 

0,4444 

11000 

1,20820 

1,05880 

0,4889 

12000 

1,35014 

1,16070 

0,5333 

13000 

1,49744 

1,26354 

0,5778 

14000 

1,65010 

1,36733 

0,6222 

15000 

1,80810 

1,47205 

0,6667 

16000 

1,57871 

0,7111 

17000 

1,68432 

0,7556 

18000 

1,79186 

0,8000 

19000 

1,90035 

0,8444 

20000 



2,00978 

0,8889 

21000 

2.119'.)4 

0,9333 

22000 

2,23145 

0,9778 

23000 

2,3i:!70 

1.0222 

24000 

2,45090 

1,nc,(i7 

25000 

2.57102 

1.1111 
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Up  to  tlie  elastic  limit  it  is  supposed  that  the  amount  of  stretch 
(or  shortening)  is  exactly  proportional  to  the  amount  of  strain,  and 
that  the  material  will  recover  its  exact  original  length.  Reference  is 
here  made  to  Formula  (88).  Neither  of  the  above  suppositions  are 
exactly  true,  though  in  wrought-iron  and  mild  steels  it  is  very  nearly 
so.  Cast-iron,  however,  is  very  variable  in  its  extensions  or  con- 
tractions under  strains  ;  and  all  three  show  more  or  less  "  fatigue  " 
and  permanent  set,  under  variable,  or  oft-repeated  (on-and-off),  or 
prolonged  strains. 

Box  treats  this  subject  very  fully. 
Extension  of  ^'^  finds  the  extension  of  cast-iron,  subjected  to 

Cast-iron,   tensional  strains,  to  be  : 

^  =  Too^o-('''^-^''  +  ''^'^-''^-'^'^  ^'''^ 

Where  e  =  the  total  amount  of  extension,  in  inches,  of  a  piece 
of  cast-iron,  subjected  to  tensional  strains. 

Where  Z=  the  original  length,  in  feet,  of  the  piece  of  cast-iron. 

Where  ?«=  the  tensional  strain,  in  pounds,  per  square  inch,  of 
cross-section  of  the  cast-iron  piece. 

It  will  be  readily  seen,  that  the  increase  in  extension  is  in  a  higher 
ratio  than  the  increase  in  strain,  which  is  due,  as  already  said,  to 
the  very  defective  elasticity  of  cast-iron. 

For  compressive  strains  in  cast-iron.  Box's  researches  give  the 
following  Formula: 

Contraction  of     c  = --^ (9,108.?«  + 0,000047044.2/;2)     (i05) 

Cast-iron.  lOOUOOOO  ^  ^  /     v        y 

Where  c  =  the  total  amount  of  shortening,  in  inches,  of  a  piece 
of  cast-iron,  subjected  to  compression  strains. 

Where  L  =  the  original  length,  in  feet,  of  the  piece  of  cast-iron. 
Where  ?6"=the  compression  strain,  in  pounds,  per  square  inch, 
of  cross-section  of  the  cast-iron  piece. 

Of  course,  in  either  case  the  extension  or  contraction  from  changes 
of  temperature  will  be  independent  of  the  above. 

Table  XXXI  gives  the  length  of  piece  required  to  stretch  or  con- 
tract exactly  one  inch  under  different  strains. 

By  comparing  these  formulse  it  will  be  seen  that  cast-iron  yields 
more  readily,  that  is,  shortens  more  in  proportion  under  very  small 
compressive  strains,  than  it  extends  under  small  tensional  strains. 
But   as  the   strains  become  greater  the  amount  of  shortening  and 
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TABLE  XXXI. 


Length  of  Cast  or  Wrought  Iron  Bars,  in  feet,  that  will,  stretch  or 
contract  exactly  one  inch  under  different  strains. 


Strain,  in  pounds, 
per  square  inch. 

CAST 

RON. 

WROUGHT  IRON. 

Length,  in  feet,  to 
extend  one  inch. 

Length,  in  feet,  to 
shorten  one  inch. 

Length,  in  feet,  to 
eiltier  extend  or 
shorten  one  inch. 

1000 

1204 

1094 

2250 

2000 

583 

543 

1125 

3000 

377 

360 

750 

4000 

274 

269 

562 

5000 

213 

214 

450 

6000 

173 

177 

375 

7000 

144 

151 

321 

8000 

123 

133 

281 

9000 

106 

117 

250 

10000 

93 

104. 

225 

11000 

83 

94 

204 

12000 

74 

86 

187 

13000 

67 

79 

173 

14000 

61 

73 

161 

15000 

55 

68 

150 

16000 

63 

141 

17000 

59 

132 

18000 

56 

125 

19000 

53 

118 

20000 

50 

113 

21000 

47 

107 

22000 

45 

103 

23000 

43 

98 

24000 

41 

94 

25000 

40 

90 
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extension  become  more  nearly  equal ;  they  are  exactly  equal  for 
strains  of  4842  pounds  per  square  inch,  while  for  greater  strains 
the  amount  of  extension  from  tensional  strains  is  greater  than  the 
amount  of  compression  from  the  same  compressive  strain.  With 
wrought-iron  and  mild  steel  the  compression  under  small  strains  is 
even  in  a  much  more  marked  ratio  than  under  small  tensional  strains 
owino-  to  the  "  flowing "  of  the  metal  under  compressive  strains. 
There  are  no  reliable  experiments  recorded,  however,  on  which  any 
formula}  could  be  based  for  wrought-iron,  it  may  be  safely  assumed, 
however,  to  be  perfectly  elastic  up  to  18000  pounds,  (per  square 
inch),  compressive  strain  and  25000  pounds,  (per  square  inch),  ten- 
sional strain.  With  heavier  strains  the  shortening  or  lengthening 
will  be  in  very  much  quicker  ratio  than  the  increase  in  their 
respective  strains.  With  steel  it  will  depend  upon  its  nature.  Mild 
steel  will  approximate  nearly  to  the  perfect  elasticity  of  wrought- 
iron,  under  safe  strains,  while  hard  steels  will  become  more  imper- 
fect in  elasticity  the  nearer  they  approximate  the  nature  of  cast-iron. 

Time  plays  a  very  important  part  in  considering  the  final  effect  on 
metals  of  any  strain. 

It  has  been  found  that  a  moderate  strain  on  a  bar,  if  left  on  a  long 

time,  will  gradually  increase  its  effect,  either  extend- 

Time  Tests.         ^^„  j|.  jj^^j-e  and  more  as  time  passes  on,  or  shorten- 

ino-  it  more  and  more.     This  is  known  as  the  "  fatigue  "  of  the  metal. 

If  the  strain  is  within  the  elastic  limit  the  increase  in  "  set "  will 
continue  for  a  long  time,  but  will  finally  become  so  infinitesimally 
small,  as  to  be  practically  nothing.  If,  however,  the  strain  is  be- 
yond the  limit  of  elasticity  the  set  will  continue  to  grow  and  the 
piece  will  frequently  break  after  many  years  under  a  strain  which 
was  considered  well  within  the  original  ultimate  breaking  strength, 
but  which,  as  time  passed,  fatigued,  that  is  tired  out,  the  material. 
Severe  strains  should  therefore  never  be  borne  for  a  lengthened 
period,  but  should  only  be  imposed  for  short  periods,  and  they 
should  be  well  within  the  elastic  limit,  to  give  the  metal  a  chance  to 
recover  from  the  set  produced  by  such  strains. 

Oft-repeated  strains,  even  where  put  on  entirely  without  shock, 

greatly  weaken  a  material.     It  has  been  found  that 

Intermittent        ^   Jq^^j^  which   originally   was   borne   with   perfect 

safety,  will,  if  often  removed  and  replaced,  finally 

break  the  piece. 
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Planat  concludes  by  comparing  many  experiments  on  fatigue  of 
iron:  that  if  a  strain  of  58700  pounds,  per  square  inch,  can  be  re- 
peated 170000  times  before  breaking  a  test  piece,  the  same  piece 
will  break  under  a  strain  of  only  48000  pounds,  per  square  inch,  if 
repeated  480000  times;  or  under  a  strain  of  42700  pounds,  per 
square  inch,  if  repeated  1320000  times;  or  under  a  strain  of  38400 
pounds,  ]>er  square  inch,  if  repeated  4035000  times ;  while  a  strain 
of  32000  pounds  can  be  repeated  forever  and  would  never  break  the 
piece. 

These  experiments  were  made  by  A.  "Wohler  and  confirmed  by 
Spangenberg,  Baker,  Baushinger  and  others:  they  are  usually 
carried  out  by  means  of  revolving  wheels  or  by  pistons  which  alter- 
nately put  on  and  remove  the  strain,  the  number  of  revolutions  or 
pressures  being  carefully  computed.  Piston-rods  of  engines  offer 
good  examples  of  oft-repeated  oif-and-on  loads,  or  the  driving-rods  of 
locomotives,  in  fact  many  parts  of  machinery. 

Where  a  load  is  put  on  suddenly,  with  shock,  that  is  falls  on,  or  is 
forced  on,  suddenly  without  regard  to  whether  it 
'  Roning*loads.  J^'"^  °''  "°'''  ^^^^  eifect  is  practically  double  that  of  a 
stationary  (static)  or  dead  load.  This  is  called 
"impact."  The  subject  is  too  extensive  to  enter  into  here,  the 
actual  effect  on  the  beam  depending  upon  the  length  of  span,  height 
of  fall,  and  permanent  load ;  but  it  will  be  safe  enough  in  all  such 
oases  to  simj)ly  double  the  factor-of-safety,  or  in  other  words  allow 
only  one-half  of  the  safe-stress,  that  would  be  allowed  for  an  inter- 
mittent load  put  on  without  shock.  Rolling  loads  are  considered  the 
same  as  loads  put  on  with  shock;  the  effect  depending,  of  course,  on 
the  velocity;  all  such  loads,  moving,  rolling,  jarring,  etc.,  are  called 
dynamic  as  opposed  to  static  or  dead  loads. 

If  the  strain  is  reversed  at  each  application,  that  is  alternately 

_  tension  and  then  compression,  the  effect  is  eciual  to 

Reversed  . 

Intermittent   the  sum  of   both,  that  is,  double  that  of    the  same 

amount  of  strain  if  not  reversed.  To  break  any- 
thing we  instinctively  bend  it  one  way  and  then  the  other,  by  doing 
this  we  reverse  the  strains  in  the  fibres  from  compression  to  tension 
and  vice-versa  at  each  bend,  the  result  being  that  the  piece  soon 
breaks. 

Box  has  combined  these  rules  in  a  Table,  which  is  here  given  as 
Table  XXXII. 
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TABLE   XXXII. 

ULTIMATE    BREAKING    STRENGTH   OF    MATERIALS    UNDER    DIFFER- 
ENT   KINDS    OF    STRAINS. 


If 

Dead 

Load 

(Static). 

Intermittent  Loads  (otf-and-ou  continuously.) 

Material. 

If  in  one  direction  only. 

Without          Rolling 
shock.         (dynamic). 

2.                      X 

3                             3 

If  in  opposite  directions. 

Without           Rolling 
shock.          (dynamic). 

Wrought  Irou 
and  SteeL 

1 

i 

i 

Wrought  Copper 

and  Brass,  also 

Slate,  Timber, 

Masonry,  etc. 

1 

i 

i. 
4 

1 

4 

i 

Cast  metals  : 

Iron,  Copper, 

Brass,  Lead,  etc. 

1 

1 
3 

i 

6 

1 
]  2 

By  combining  this  table  with  the  safe  stresses  given  in  Tables  IV 
and  V,  that  is,  taking  whatever  part  of  the  safe-sti-ess  there  given  for 
(lead  loads,  that  the  nature  of  the  load  demands,  we  can  obtain  the 
safe-stress  under  any  manner  of  loading.  Where  stresses  in  opposite 
directions  take  place,  the  material  will  yield  in  the  direction  of  the 
weakest  stress. 

Thus,  if  we  have  a  bar  of  American  cast-iron,  ac- 

"xabl^e  X^XXll,   cording  to  Table  IV  it  will  be  safe  under  a  steady 

(static)    compressive  strain  of    15000   pounds,   per 

square  inch,  or  a  steady  tensional  strain  of  2500  pounds,  per  square 

inch. 

If  the  compressive  strain  were  constantly  and  entirely  removed 
and  then  put  on  again,  but  without  shock,  it  would  be  safe,  accord- 
ing to  Table  XXXII,  to  use  but  ^  of  this  amount  of  5000  pounds, 
per  square  inch;  while  under  the  same  circumstances  only  833 
pounds  would  be  safe  in  tension.  If  the  strain  were  constantly  re- 
moved and  then  put  on  again  with  shock,  that  is  suddenly,  or  kept 
moving,  only  one-sixth  would  be  safe  or  2500  pounds  per  square  inch, 
in  compression,  and  417  pounds  in  tension. 

If  the  strain  were  alternately  compression  and  then  tension,  but 
put  on  without  shock  the  same  strains  would  be  safe;  the  safe 
strength  of  the  bar  would,  therefore,  be  measured  by  the  weaker  of 
the  two  and  would  be  only  417  pounds,  per  square  inch.      If  the 
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Strains  alternated  between  compression  and  tension  and  besides  this 
were  dynamic  (put  on  suddenly)  only  one  twelfth  would  be  safe  or 
1250  pounds  in  compression  and  209  pounds  in  tension,  both  per 
square  inch.  The  strength  of  the  bar  under  these  circumstances 
would,  therefore,  be  only  209  pounds,  per  square  inch. 

For  wrought-iron  we  have  the  same  safe-stress,  whether  in  tension 
or  compression  ;  for  a  dead,  constant  load  we  should  use  then,  from 
Table  IV,  12000  pounds,  jier  square  inch;  from  Table  XXXII  we 
should  have  for  intermittent  loads,  in  one  direction  only,  that  is  of 
the  same  nature,  but  put  on-and-off  continuously,  but  without  shock, 
two-thirds  or  8000  pounds,  per  square  inch.  If  put  on-and-off  sud- 
denly 4000  pounds,  per  square  inch.  The  same  if  constantly 
reversed  from  compression  to  tension  but  done  slowly  and  without 
shock.  If  constantly  reversed  and  it  is  done  suddenly  or  with  shock 
the  safe  strain  per  scjuare  inch  would  be  only  2000  pounds. 

When  a  strain  on  a  beam  is  never  completely  removed,  but 
changes  constantly  from  a  larger  to  a  smaller  strain,  both  however 
in  the  same  direction,  the  effect  is  not  so  great  as  where  both  strains 
are  at  times  constantly  removed. 

In  such  cases  the  effect  can  be  found  from  the  following  Formula : 

Variable  y  \         ,  .        . 

Strains.   «^' =  0^'.  —  ^^'n)- a:  +  w„  (106) 

Where  tc  =  the  corresponding  dead  load,  or  constant  strain  in 
pounds,  per  scjuare  inch,  to  produce  the  same  effect  as  one  alternatintr 
between  two  uneejual  loads  or  strains  iv,  and  «•„,  but  both  in  the  same 
direction. 

Where  ?«,=  the  larger  of  the  alternating  loads  or  strains,  in 
pounds,  per  square  inch. 

Where  M'„^  the  smaller  of  the  alternating  loads  or  strains,  in 
pounds,  per  srjuare  inch. 

Where  a;  =  3,0  for  cast-iron,  and:=H  for  wrought-iron  and 
mild-steel. 

The  above  condition  would  frequently  liappen  in  the  case  of  ware- 
house floors,  bridges,  and  other  places  where  there  is  a  constant 
dead  load,  wliich  at  times  is  increased  by  other  loads  to  be  carried. 

If  the  additional  load  is  put  on  suddenly,  or  is  a  moving  load,  it 
should  be  doubled.  In  that  case  w,  would  be  equal  to  the  doubled 
dynamic  load  plus  the  static  load,  and  w„  would  be  ecjual  to  the  static 
load. 
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In  all  designs  of  metal  structures  great  care  should  be  taken  to 
design  all  parts,  not  only  of  practicable  shapes  and  sizes,  but  of 
dimensions  that  will  not  involve  increased  cost. 

As  a  rule  cast-iron,  wrought-iron  and  steel  are  estimated  at  a  cer- 
tain price  per  pound.     If  the  sizes  are  not  unusually 

Economical         small  nor  unusually  large  the  price  will  be  the  usual 
Designing.  /        o  i 

one.     If,  however,  the  sizes  are  very  light  the  price 

will  be  greatly  increased,  for  two  reasons.  The  cost  of  preparatory 
work,  working  drawings,  office  expenses,  models,  etc.,  will  be  practi- 
cally the  same  as  for  heavier  work ;  the  handling  and  labor  will  be 
very  nearly  the  same,  and  in  very  light  construction  all  this  must 
be  borne  by  fewer  pounds  and  the  price  isconsequently  greater.  On 
the  other  hand,  if  the  pieces  are  unusually  heavy,  or  large,  or  long, 
they  may  require  special  rolling  or  casting,  and  may  require  special 
cars  and  freight  arrangement,  special  trucks,  derricks,  etc.,  or 
they  may  be  very  difficult  to  manufacture  and  involve  much  loss, 
many  misgoes,  etc. 

The  architect  should,  therefore,  as  far  as  possible  design  so  as 
to  use  standard  sizes. 

In  castings  as  well  as  in  mill-work  the  standard  will  vary  more 
or  less  with  the  parties  doing  the  work.  It  will  be  impossible, 
therefore,  to  give  here  any  universal  standard.  A  few  hints,  how- 
ever, may  help  the  architect  in  economical  designing. 

For   hollow-castings   (columns)    Planat   gives  the 

Thic   nesso         foUowingr  as  the  French  standard,  the   thicknesses 
Columns.  ...  7         ,  .  i  .1  1     p 

being  the  minimum  or  smallest  thickness  possible  for 

the  length. 

For  columns    6'    6"  long  not  less  than    f"  thick 

For  columns    9'  10"  long  not  less  than    ^"  thick 

For  columns  13'     1"  long  not  less  than    |"  thick 

For  columns  19'    8"  long  not  less  than    |"  thick 

For  columns  26'    2"  long  not  less  than  1  "  thick 

The  practice  of  American  iron-works  is  to  regulate  the  thickness 
with  the  diameter  rather  than  the  length.  Thus  our  iron-works 
make  columns  under  6"  diameter  about  ^"  thick,  those  over  6"  diame- 
ter from  I"  thick  and  upwards. 

For  castings  made  to  carry  weight  the  thickness  should  be  more. 
In  columns  the  maximum  thickness  should  depend  upon  the  possibil- 
ity of  making  the  core  stiff  enough  to  keep  its  place  in  the  centre. 
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Large  diameter  with  thinner  shell  (within  reasonable  limits)  will 
give  the  most  strength  for  the  amount  of  material  used,  thick  cast- 
ings being  much  weaker,  as  already  shown. 

In   rolled-work,   beams,   channels,   tees,    etc.,    of    unusual    length 
should  be  avoided.      Most  sections  are  rolled  to  30 

voi     great  ^^^^    -^^   length  without  extra  charge ;    beyond  this 

length.    .  .  .  .  o    '         .7 

there  is  an  additional  charge  per  pound,  for  every 

extra  five  feet  or  fraction  thereof  in  length,  if  the  section  is  heavy, 

up  to  40  or  50  feet  which  is  the  limit  for  beams  and  channels,  or  up 

to  90  feet  for  angles.     Then,  too,  very  long  pieces  (over  30  feet  long)' 

involve  being  carried  on  two  cars,  which  means  extra  freight  charges, 

and  very  heavy  pieces  might  be  refused  by  many  railroads.     Where 

great  length  is  desireid  it  will  be  better,  as  a  rule,  to  make  it  up  of 

two  pieces,  the  extra  material  required  for  the  "  splicing  "  being,  as 

a  rule,  much  more  economical  than  the  cost  of  manufacturing  and 

handling  long  and  heavy  pieces. 

In  pieced  work  where  angles  are  attached  to  beams,  etc.,  if  it  is 
punched  and  fitted  together  at  the  mill  with  bolts  the  whole  will  be 
charged  at  a  standard  rate  per  pound  ;  if,  however,  the  pieces  are 
riveted  together,  there  will  be  an  extra  charge  on  the  whole,  even 
if  only  one  rivet  were  used. 

If  pieces  are  required  to  be  cut  to  exact  lengths  there  is  usually 
an  extra  charge  on  the  whole.  If  pieces  are  re([uired  to  be  drilled 
or  punched,  there  is  an  extra  charge  on  the  whole,  even  if  there  is 
only  one  hole  in  each  piece. 

For  these  reasons  it  is  usual  where  there  is  much  fitting,  drilling:, 
etc.,  to  be  done  to  have  it  done  at  the  mill  for  the 
cost  o  I  ng.  gfandard  rate  per  pound.  Where,  however,  there  is 
only  a  little  to  be  done,  as  is  usually  the  case  in  building  construc- 
tion, it  is  cheaper  to  do  it  at  the  building,  using  portable  hydraulic 
punches  or  othei*  similar  contrivances  to  facilitate  the  labor. 

A  saving  can  also  be  made  by  doing  all  painting  of  heavy  work  at 
the  building,  as  the  mills  charge  a  standard  price  i)er  pound  of  metal 
for  each  coat ;  but  where  this  is  done,  the  architect  cannot  be  too 
careful  in  having  all  rust  removed. 

In  building  up  plate-girders,  plates  as  wide  as  eight  feet  can  be 

rolled,  and  of  thickness  and  length  in  one  piece  not 

factica    e         ^^  exceed  in  finished  weijfht  two  tons  or  four  thou- 
Plate  sizes.  '^  ,       ,.     ■    e 

sand  pounds,  this  weight  being  about  the  limit  for 

single  pieces  of  rolled-work  within  reasonably  economical  limits. 


52  SAFE    BUILDING. 

Thus,  for  instance,  we  could  get  plates  five  feet  wide,  one  inch 
thick  and  twenty  feet  long,  or  eight  feet  wide,  one-half  inch  thick  and 
twenty-five  feet  long.  If  we  require  wider  plates  (usually  for  deep 
webs)  we  must  take  an  eight-foot  wide  plate  and  shear  it  off,  s])licing 
the  pieces.  Thus  if  we  required  a  ten-foot  deep  web,  we  would 
shear  the  eight-foot  plate  in  ten-foot  lengths,  would  place  them  side 
by  side  vertically,  connecting  them  by  covering  plates  of  some  kind, 
and  our  web  would  thus  be  composed  of  a  series  of  panels  each  ten 
feet  high  and  eight  feet  wide.  Plates  should  not  be  over  one  inch 
thick  on  account  of  the  difficulty  of  punching,  nor  less  than  one- 
quarter  inch  thick  for  fear  of  loss  by  rusting  and  failure  by  buckling. 
In  steel  plates,  Carnegie,  Phipps  &  Co.,  of  Pittsburgh  will  roll  plates 
up  to  9'. 6"  wide  and  14'. 2"  long,  if  about  |"  thick,  or  9'. 2"  long  by 
above  width,  if  1^"  thick.  See  Table,  p.  51,  in  their  hand-book  of 
1889. 

In  round,  square  and  flat  bars  almost  any  sizes  can  be  made,  but, 
here  too,  unusually  light  or  heavy  ones  are  charged  at  extra  rates. 

The  sizes  of  these  vary  with  different  mills,  but  are  about  as 
Sizes  of  Rounds  follows  :  The  ordinary  sizes  for  rounds  and  squares, 

Squares  and  are  |"  to  2"  diameter,  and  for  flats  from  1"  to 
Flats.  4"xf"  to  U"  and  4^"  to  6"  x  f "  to  1,"  these  are 
made  at  regular  rates. 

But  the  mills  will  make,  at  additional  rates,  rounds  from  wire  sizes 
up  to  I"  diameter  and  from  2"  to  7"  diameter ;  half  rounds  from  |" 
to  1^"  diameter;  squares  from  j^g"  up  to  5"  ;  flats  from  ^^"  x  ^^"  ujd 
to  12"x2". 

In  designing  flats  the  best  rule  to  follow  is  to  make  the  thickness 
between  one-fourth  and  one-third  of  the  width,  except  for  very  wide 
bars,  when  it  can  be  between  one-eighth  and  one-quarter. 

Where  long  bars  are  in  tension,  and  one  or  both  ends  are  held  by 

nuts  and  screws,  it  is  often  economical  to  "  up-set  "  the  screw-ends, 

that  is,  enough  material  is  added  where  the  screw  is  cut,  that  is  the 

diameter   is   enlarged   enough   at   ends,  to   make   the   diameter   at 

the  root  or  thinnest  part  of  the  screw  (that  is  between  the  threads), 

equal  to  the  diameter  of  the  whole  bar.      The  screw 

itself  is  thus  "  upset,"  that  is  set  upon  the  bar.     The 

cost  of  upsetting  screw-ends  is  more  of  course,  than 

cutting  screws  upon  ordinary  bars,  on  account  of  the  extra  weldiiig 

necessary,  but  in  long  bars,  or  very  heavy  bars,  the  material  saved 

by  not  having  to  increase  the  diameter  of  the  bar  its  whole  length 
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(to  allow  for  cutting  away  at  the  ends),  more  than  offsets  the  extra 
cost  of  up-setting.  In  light  bars  and  short  bars,  as  a  rule,  it  is  more 
economical  to  add  enough  to  the  diameter  for  the  whole  length  to 
allow  for  cutting  the  thread  at  the  end.  In  such  a  case  the  strength 
of  the  bar,  in  tension  is,  of  course,  only  equal  to  the  section  at  the 
root  of  the  thread.  It  is  a  curious  fact  that  threads  cut  with  old 
dies  are  stronger  than  those  cut  with  new  dies ;  the  old  ones  appar- 
ently crushing  and  thus  leaving  more  material  in  the  threads,  while 
the  new  ones  cut  the  material  right  out. 

Different  mills  have  different  standards  for  threads,  nuts,  heads, 

_.  etc.     Practicallv,  however,  thev  all  closelv  resemble 

Threads,  nuts,  ,      ,     ',  ,      ^       ,,      t' 

etc.  standards  adopted  by  the  Franklin  Institute  (of 

Philadelphia),    February  17,    1866,  and  which    are 

here  reproduced  by  their  permission  as  Table  XXXIII. 

In  forming  eye-bars  the  practice  of  different  mills  again  varies. 

It  should  be  remembered  that  they  are  all  welded,  and  therefore, 
if  of  wrought-iron,  only  some  80  per  cent  in  strength  of  the  metal  in 
the  bar.  All  parts  should  therefore  be  designed  for  some  25  per 
cent  more  strength  than  re([uired  with  the  usual  factors-of-safety. 

For  ordinary  sizes  of  flat  iron  the  mills  have  dies  on  which  these 
eyes  are  "  die-forged,"  that  is,  formed  by  machinery. 
Eye-bars  and  'pjjg  Phoenix  Co.,  for  instance,  have  some  fifty-six 
sizes  of  dies  for  flats  varying  from  2"  x  |"  up  to 
6"  X  2^".  The  New  Jersey  Steel  and  Iron  Works  have  some  forty 
seven  sizes  of  dies  for  flats  from  2^"  up  to  6".  Their  standards  for 
pins  are  ^g"  less  than  even  quarter-inches,  as  2j3g"  diameter,  2^^", 
^H"'  -if"'  ^^^-  -^^1  pin-holes  in  eye-bars  should  invariably  be 
drilled,  and  should  always  be  made  (not  over)  ^^  inch  larger  in  diam- 
eter than  the  pin,  to  allow  for  slipping  same  in. 

I'he  practice  of  the  latter  company  where  eye-bars  are  of  same 
thickness  as  the  flat-bar,  is  to  make  the  diameter  of  pin  (if  not  gov- 
erned by  other  circumstances)  four-fifths  of  the  width  of  bar  (or 
d  =  ^.b).  In  such  a  case  the  width  of  metal  beyond  the  eye  (at  end 
of  bar)  is  made  etjual  to  the  width  of  bar  (or  a^h)  and  the  width 
each  side  of  eye  equal  to  thrce-cpiarters  of  the  width  of  bar  (or 
c^  \-l>),  see  Figure  162.  Where  larger  pins  are  used  the  jjroportion 
must  be  even  more  increased  on  account  of  the  greater  amount  of 
weakening  by  welding. 

The  above  sizes  are  good  averages.  In  some  cases  the  metal 
around  the  eve  forms  a  concentric  circle  with    the  eve.       In  such 
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cases  (if  not  required  to  be  larger)  the  radius  of  the  eye  is  from 
three-eighths  to  one-half  of  the  width  of  flat,  and  the  radius  of  the 
surrounding  circle  is  from  four-fifths  to  nine-tenths  (of  the  width  of 

flat)  larger  than  the 
radius  of  eye.  The 
thickness  of  eye  is, 
usually,  but  not  neces- 
sarily, the  same  as  that 
of  the  flat. 

For  further  informa- 
tion as  to  sizes,  etc.,  the 
reader  should  consult 
the  hand-books  issued 
by  the  different  rolling- 
mills,  taking  care  to  get  the  latest  issues,  as  they  are  constantly 
changing  their  rolls  and  stock  sizes. 

These  books  will  also  give  the  practice  of  each  mill  for  locating 
holes  in  flanges  of  beams,  channels,  etc.,  sizes  and  weights  of 
separators,  manner  of  connecting  beams  by  framing,  etc. 

Table  XXXIV  gives  in  condensed  form  the  results  of  the  most 
recently  published  tests  on  irons  and  steels. 

POSTSCRIPT    TO    CHAPTER    VIII. 

Since  writing  the  foregoing  chapter  a  claim  has  been  made  by  J. 
W.  Bookwalter,  an  iron  manufacturer  of  Springfield,  Ohio,  to  have 
perfected  a  new  process  which  will  revolutionize  the  manufacture  of 
iron  and  steel.  He  uses  what  he  calls  a  Robert  converter,  which  is 
the  same  in  jirincijjle  as  the  Bessemer,  excejiting  that  the  air  is 
blown  in  horizontally. 

The  claims  made  are :  That  he  can  produce  any  quality  of  iron 
or  steel  from  the  same  furnace ;  that  the  impurities  can  be  gathered 
and  floated  off  on  the  surface ;  that  the  silicon  can  be  controlled  and 
burned  out  separately,  ahead  of,  and  without  affecting  the  carbon, 
which  can  afterwards  be  reduced  to  any  desired  quantity,  thus 
leaving  the  mass  to  be  poured  from  the  converter  either  pure 
wrought-iron,  or  steel  of  any  grade,  as  may  be  desired;  and  that  the 
control  of  the  silicon  and  carbon  is  perfect. 

Similar  claims  have  been  made  before,  but  were  never  substanti- 
ated.    Should,  however,  these  claims  prove  to  be  genuine,  it  would  at 
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once  mean  a  large  saving  in  the  cost  of  manufacture  of  all  grades  of 
iron  and  steel.  It  will  be  readily  seen  that  not  only  is  the  cost 
of  handling  the  iron  several  times  and  the  cost  of  puddling  (by  hand) 
done  away  with  (for  if  this  invention  does  all  that  is  claimed  for  it, 
the  pig-iron  could  be  melted  and  run  directly  to  the  final  rolls),  but 
the  cost  of  furnaces,  etc.,  will  be  greatly  reduced,  as  one  and  the 
same  converter  will  make  any  quality  of  iron  or  steel  desired. 

Then,  too,  it  would  solve  the  problem  of  strong,  cheap  castings,  as 
these  could  now  be  made  of  a  high  grade  of  steel  at  about  the  cost  at 
present  of  ordinary  cast-iron  ;  this,  of  course,  would  mean  a  casting 
with  the  forging,  welding  and  other  properties  of  wroughtiron. 

It  is  also  claimed  that  the  blast  need  not  be  nearly  so  stroncr  as  in 
the  Bessemer  convei'ter,  and  hence  the  cost  of  this  new  converter  is 
not  only  very  much  less,  but  its  tuyeres  and  lining  will  outlive  many 
times  those  of  a  Bessemer  converter. 

It  is  further  claimed  that  not  only  is  the  reduction  in  cost  of  steel 
very  great,  but  that  the  cost  of  rolled-iron  is  reduced  to  the  same 
level  as  the  cost  of  steel. 


CHAPTER    IX. 


KIVETS,    RIVETING    AND    PINS. 


WHEN  it  is  necessary  to  secure  two  or  more  pieces  of  iron 
or  steel  tojjether  in  such  a  manner  that  they  can  be  readily 
separated,  bolts  are  used.  These  are  iron  or  steel  pins  with 
solid  heads  at  one  end  and  threads  cut  on  the  other  end,  onto  which  the 
nut  is  screwed,  thus  holding  the  two  pieces  together.  How  closely 
the  two  pieces  may  be  held  together  depends,  of  course,  entirely 
upon  the  man  who  handles  the  wrench.  Then  too,  bolts  or  pins  do 
not  completely  fill  the  holes  through  which  they  pass,  which  fre- 
quently is  a  cause  of  great  weakness,  besides  the  danger  of  water 
getting  into  the  spaces  and  rusting  them.  Where,  therefore,  it  is  not 
necessary  to  ever  separate  the  pieces  —  and  the  latter  are  of  either 
wrought-iron  or  steel  —  rivets  should  be  used,  which,  for  all  practical 
purposes,  might  be  considered  as  jjcrmanent  bolts  or  pins.  Cast- 
iron,  of  course,  always  has  to  be  bolted,  as  it  would  break  if  riveting 
were  attempted  on  it.      A  rivet  is  a  piece  of  metal 

Description  of     r^rousht-iron  or  steel)  with  a  solid  head  at  one  end 
Rivet.   *-  o  ^ 

and  a  long  circular  shank.  In  its  shortest  descrip- 
tion the  process  of  riveting  consists  in  heating  the  rivet,  jsassing  its 
shank  through  the  two  (or  more)  holes,  while  hot,  and  then  forging 
another  solid  head  out  of  the  projecting  end  of  the  shank.  The 
hammering  forces  the  heated  shank  to  fill  all  parts  of  the  holes,  and 
the  shank  contracting  in  its  length,  as  it  cools,  draws  the  heads 
nearer  together,  thus  firmly  forcing  and  holding  the  pieces  together. 
Rivets  are  made  of  mild  steel  or  the  very  best  wrought-iron,  the 
latter  being  the  most  reliable.  According  to  some  writers,  the  shank 
is  made  tapering  in  length  and  circular  in  shajie,  being  larger  at  the 
head  and  smaller  at  the  end.     In  this  country,  however,  the  shank  is 

always  of  uniform  diameter.      The  length  of  shank 
®"^  '  ■    from  head  to  end  varies  with  the  thickness  of  pieces 

to  be  riveted  together,  but  is  long  enough  not  only  to  allow  for  pass- 
ing through  the  pieces,  but   has   also   enough   additional   length   to 
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provide  for  filling  of  holes  and  forming  head,  the  additional  length 
being  about  2^  times  the  diameter  of  hole.  The  rivets  are  manu- 
faetured  by  heating  rods  of  the  diameter  of  rivets,  whieh  are  pushed 
while  hot  into  a  machine,  which  at  one  operation  forms  the  head  and 
cuts  off  the  shank  to  the  desired  length. 

The  shank  before  heating  is  about  one-sixteenth  smaller  in  diame- 
ter than  the  hole,  to  allow  for  its  expansion  when  heated,  /.  e.,  for 

§"    rivets,  i|"   holes  are 


Mfe    Yt 


r\c'  ife3- 


punched  and  for  |",  i|" 
holes.  There  are  four 
kinds  of  rivets,  all  answer- 
ing the  same  uses,  and 
only  distinguishable  by 
the  shapes  of  their  heads. 
These  are  the  button  or 
round  headed  rivet ;  the 
conical  h  e  a  d  e  d  rivet ; 
the  pan  or  Hat  headed 
rivet ;  and  the  countersunk  rivet.  The  latter  is  only  used  when  a 
smooth  surface  is  desirable.  The  first  is  the  most  used  shape. 
Figure  163  shows  the  different  shapes,  the  dotted  lines  indicating 
how  the  second  head  is  finally  shaped.  Sometimes  a  rivet  is  counter- 
sunk on  one  end  only. 

The  exact  sizes  of  heads,  shapes,  etc.,  vary  in  different  mills. 
The  diameter  of  head  should  be  from  H  to  2  times 
the  diameter  of  shank,^  according  to  shape  adopted 
and  the  height  of  head  shovdd  be  about  f  the  diameter  of  hole.  In 
countersunk  work,  the  head  may  extend  entirely  through  the  ])late 
or  not,  its  diameter  being  accordingly  smaller  or  larger.  AYhere  it 
extends  through  the  sharp  edges  will  shear  the  rivet,  countersinking 
therefore,  should  be  avoided  in  the  plates.  In  showing  riveted  work 
the  diameter  of  the  shank  is  always  drawn  and  figured  wheiti  the 
hole  is  to  be  left  open  and  the  size  of  rivets  is  sjjoken  of  accordingly, 
the  hole  is  always  made  -^"  larger.  Where  the  riveting  is  to  be 
done  at  the  shop  or  mills,  the  size  of  head  is  shown. 
The  spacing  of  rivets  will  be  considered  later,  the 
direct  distance  from  centre  of  liole  In  centre  of  hole  is  known  as  the 

•  The  Franklin  Institute  standard  for  button-heads  (which  are  usually  usod  in 
the  United  States)  is  to  make  the  head  J"  larger  in  diameter  than  \\  times  the 
diameter  of  shank. 


Size  of  Head. 


Pitch  of  Rivets. 
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'■^ pilch."      The  pitch  should  never  be  less  than  2h  diameters;  nor 

should  the  centre  of   any  hole  (if  possible)  be  nearer  to  any  edge 

than  \^  diameters.      By  diameters  is  understood    the   diameter   of 

shank.     In  riveted  angle  work  the  distance  is  frequently  necessai-ily 

less.     In  thick  plates  it  should  be  more.      In  drilled  work  the  pitch 

might  be  reduced  to  2  diameters.     If  rivet-heads  are  countersunk  the 

pitch  should  be  increased,  according  to  the  amount  of  metal  cut  away 

to  make  room  for  the  rivet-head. 

In  punching  rivet-holes  the  position  of  holes  are  usually  marked 

off  on  a  wooden  template  and  then  through  this  marked  or  indented 

by  a  hand-punch  on  the  iron  plate ;  the  jslate  is  then  passed  under  a 

jjunch  which  is  usually  worked  by  steam-power,  the 

Punchingof        j-g        ^^  ^jjg  punch  being  adiusted   to   the   size   of 
Holes.  *  . 

the    rivet-hole  wanted,    the    punch   is   usually    Jg" 

larger  than  the  rivet,  and  the  die  about  ^"  larger.     The  thickness  of 

plates  to  be  punched  should  not,  as  a  rule,  be  greater  than  3  of  an  inch; 

nor  in  any  case  should  the  thickness   of   plate  be  as  large  as,  nor 

larger  than,  the  rivet-hole,  as,  unless  the   diameter  of   the  hole  is 

larger  than  the  thickness  of   the  plate  the  punch  is  apt  to  break. 

Where  boles  are  punched  at  the  building,  small  screw  or  hydraulic 

(alcohol)  punches  are  used,  which  can  be  readily  carried  around  by 

one  or  two  men,  the  power  being  obtained  by  screwing  or  pumping ; 

or  sometimes,  where  mechanics  are   not   quite   uji   to  the  times,  a 

rather  more  clumsy  lever-punch  is  used,  the  power  being  obtained  by 

increasing   the   direct    pressure    by  leverage.      Punching   makes   a 

rao-ged  and  irregular  hole,  and  as  it  gives  the  plate  a  sudden  blow  or 

shock  it  injures  the  metal  considerably,  unless  the  rivet-holes  are  so 

close,  that  the  entire  plate  is  practically  cold-hammered.      The  loss 

in    strength  to   the  remaining  fibres  in  a  punched 

Loss  by  Punch-  wrouo'ht-iron  plate  is  about  15  per  cent,  this  loss  be- 
ing, or  i  '  _ 
ing,  of  course,  in  addition  to  the  loss  of  area,  and  it 

is  a  loss  that  cannot  be  restored.  In  steel  plates  the  remaining 
fibres  are  damaged  about  33  per  cent,  but  in  them  the  loss  can  be 
restored  by  annealing  the  plate  which,  however,  adds  considerably  to 
the  expense. 

In  drilled-work  there  is  no  loss,  and  the  holes  are  not  only  accu- 
rately located  but  are  accurately  cut.  But  drilled-work  is  very  ex- 
pensive, as  it  has  to  be  done  by  hand  Or  by  machine-drills,  the 
process  being  slow  at  best  and  consequently  meaning  a  very  large 
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addition  to  the  charge  for  labor.  In  riveted  girders  it  would  proba- 
bly double  the  expense  of  the  girder. 

The  advantages  of  drilling  are,  that  the  holes  can  be  cut  after  the 
plates  have  been  partially  secured  together,  thus  as- 

^^of*D?nMne  ^ii'"ing  a  perfect  fit  of  the  holes  over  each  other; 
and  that  the  holes  being  perfectly  smooth  and  even 
bear  more  evenly  on  the  rivet,  and  the  work  is  less  ajJt  to  fail  by 
compression,  than  where  the  bearing  of  plate  against  rivet  is  ragged 
and  uneven,  as  in  punched  work.  On  the  other  hand,  the  edges  of 
drilled  holes  are  so  sharp  that  they  promote  shearing,  and  for  this 
reason  the  edges  of  drilled  holes  in  plates  should  be  filed  or  reamed 
off.  As  a  rule,  however,  the  architect  will  find  the  bearing  and 
cross-breaking  strengths  of  rivets  less  tlian  their  shearing,  excepting 
where  rivets  are  small  in  comparison  to  thickness  of  plates  being 
riveted,  which  is  not  often  the  case. 

To  settle,  then,  whether  work  should  be  drilled  or  punched,  is 
mainly  a  matter  of  expense.  Drilled-work,  of  course,  is  far  prefer- 
able as  regards  strength  and  it  costs  accordingly. 

The  rule  of  the  mills  is  to  punch  all  holes,  excepting  for  counter- 
sunk rivets,  which,  after  punching,  of  course,  have  to  be  drilled,  to 
obtain  the  slanting  sides  of  the  hole. 

A  medium  course  between  drilling  and  punching  would  be  to 
punch  the  holes  smaller  than  desired  and  then  drill  or  ream  them 
to  accurate  size  when  partially  secured  together. ^  Steel  should 
always  be  drilled  unless  annealed  after  punching. 

In  most  work,  however,  the  architect  will  have  to  be  satisfied  with 
punching,  and  must  therefore  allow  sufilcicnt  material  to  make  good 
the  damage  done  and  to  allow  for  inaccuracies. 

In  riveting  proper,  that  is,  filling  the  holes,  there  are  also  the  two 

methods  of  doing  it,  l)y  hand  (iiand-riveting),  or  l)y 

Machine-Rivet-   miichinery  Cmachine-rivetinn;),  but  unlike  the  makinsr 

log.  J    ^  o/'  a 

of  the  hole,  in  this  case,  the  machine-work  is  both 
better  and  cheaper. 

A  machine-driven  rivet  is  driven  and  completed  by  one  power- 
ful scjueczc  of  the  steam  (or  compressed-air)  riveting-machine  ;  this 
scpieeze  not  only  forces  the  plates  more  closely  together,  l)Ut  more 
completely  fills  the  hole  with  the  rivet  metal,  besides  the  great  ad- 

'  If  tliis  is  not  done  tlie  "  drift  pin  "  will  be  used  to  force  all  the  holes  into  line, 
and  this  ineaus  crushing  and  possibly  buckling  of  the  plates. 
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vantage  of  doing  the  entire  work  while  the  rivet  is  hottest,  and  while 
it  is,  of  course,  at  one  temperature. 

In  hand-riveting  these  advantages  are  lost,  the  power  being  only- 
equal  to  that  of  the  mechanic's  blow,  and  as  in  hand-work  the  pro- 
cess consumes  some  time,  the  rivet  changes  its  temperature  and  cools 
considerably. 

In  riveting,  the  entire  rivet,  including  the  head,  should  he  heated 
to  at  least  a  red  heat.  It  should  not  be  heated  beyond  this  for  fear 
of  "burning,"  particularlj'  with  steel  rivets.  Rivets  that  have  been 
heated  once  and  allowed  to  cool  without  working  should  be  discarded. 
If  rivets  are  driven  at  a  lower  heat  than  a  red  one,  they  will  be 
greatly  damaged,  unless  riveted  cold. 

In  hand-riveting  at  least  two  men  are  required,  one  to   hold  the 

head,  the  "  holder-up,"  the  other  to  do  the  riveting  > 

g.   ^^^^  generally  there  is  a  boy  to  heat  and  bring  the 

rivets,  one  holder-up,  and  two  riveters,  whose  strokes  alternate  and 

thus  accelerate  the  jirocess. 

The  riveter  puts  a  punch  or  drift-pin  through  the  holes  to  clear 
them  and  force  them  into  line ;  the  holder-up  seizes  the  hot  rivet 
with  his  pincers  and  puts  its  shank  through  the  hole,  he  then  covers 
the  head  with  a  holding-up-iron  shaped  to  fit  it,  and  the  riveters  at  the 
other  end  begin  hammering  down  the  projecting  end  of  shank. 
When  this  is  roughly  shaped  the  use  an  iron  (called  "button  set," 
for  round-headed  rivets),  which  is  properly  shaped  to  make  the  head. 
Before  beginning  to  hammer  down  the  end  of  shank,  the  riveters 
should  always  thoroughly  hammer  the  plates  around  the  hole,  to 
bring  the  plates  closely  together. 

Hand-riveted  work  can  sometimes  be  distinguished  from  machine- 
riveted  work  by  the  many  marks  at  the  made  head.  In  machine- 
work  there  is  but  one  mark,  and  this  may  be  a  little  out  of  the 
centre  with  the  shank  and  so  show  the  squeezed  material  around  its 
edge.     But  usually  the  work  cannot  be  distinguished 

HowtoDistin-  jjj  ^Yiis  wav.  If  hand-riveting  has  been  conscien- 
guish  Riveting.  •  .,,...     ,.™     , 

tiously  done  and  by  careful  mechanics,  it  is  dimcult  to 

distinguish  it  from  machine-riveting.  But  the  shanks  of  hand-riveted 
work,  as  a  rule,  do  not  fill  the  hole  as  well  as  those  in  machine- 
riveted  work,  and  they  can  more  easily  be  "  backed  out "  after  the 
head  has  been  cut  off  with  a  chisel  and  hammer.  The  only  reliable 
test  in  both  methods  is  to  hold  the  hand  one  side  of  the  head  and 
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Strike  the  other  side  with  a  light  hammer  —  the  hammer  test — when 
the  sound  will  quickly  disclose  loose  shanks.  I£  in  machine-riveting 
the  plate  has  been  sprung,  and  the  pressure  is  quickly  removed  while 
the  rivet  is  still  hot,  the  plate  may  settle  back,  lift  the  hot  head,  and 
so  form  a  loose  shank. 

In  designing  riveted  work,  whether  to  be  hand  or  machine  riveted, 
the  architect  should  bear  in  mind  the  necessity  of  placing  the  rivets 
so  that  they  can  be  inserted  in  the  holes  from  one  side  and  ham- 
mered from  the  other,  and  for  machine-work,  that  the  machine  can 
reach  them.^ 

Steel  rivets    are  very    seriously  damaged   during  the   process   of 

riveting.     Box  gives  as  the  average  of  a  number  of 
Steel  rivets  ^         ^j  ^g^j.  g^^^j  ^  tensional-strength  of  47,84  tons 

damaged.  ,  .       , 

(gross),  which,  after  riveting,  was  equal  in  shearing- 

stren<Tth  to  only  23,77  tons  (gross),  a  loss  of  50  per  cent  as  between 
the  tensional-strength  of  the  steel  and  shearing-strength  of  the 
riveted  work,  whereas  in  ordinary  steel  work  this  loss  never  exceeds 
33^  per  cent,  as  between  tension  and  shearing. 

In  wrought-iron  the  loss  is  about  15  per  cent.  In  steel  the 
strength  of  the  rivets  will  depend  greatly  upon  the  composition  and 
nature  of  the  steel  itself,  but  in  order  to  be  able  to  rivet,  the  steel 
will  necessarily  have  to  be  of  a  mild  character.  The  safe  values 
<>-iven  in  Table  IV,  for  compression  and  shearing  of  wrought-iron  and 
steel,  can  therefore  be  used  with  perfect  safety. 

When     calculating    bending-moraents    on   rivets,    a    modulus    of 
rupture  25  per  cent  greater  than  given  in  Table  IV 
Use  larger  mod-  ^^y  ^^  used,  as  the  rivet-heads  answer  the    same 
ulus  of  rupture.         -^  ,,        ,  •      •    i    i  i-       ^        *i 

purpose  as  nuts  and  heads  on  pins  in  liolding  together 

tlie  plates  which  are  pulling  in  opposite  directions,  and  thus  rc'ducing 
the  bending-moment  by  friction.  In  figuring  the  number  of  rivets 
required  an  architect  should  err  on  the  side  of  liberality,  rather  than 
to  stint  them,  as  there  will  necessarily  be  more  or  less  of  them  poorly 
driven.  lie  should  particularly  do  this  where  strains  are  small  and 
the  number  of  rivets  re(iuired  are  few,  as  one  weak  rivet  in  a  small 
lot  would  (juickly  diminish  the  factor-of-safety,  where  in  a  hir^c  lot 
it  would  scarcely  vary  it  aj)preciably. 


•The  minimum  distance,  from  inside  face  of  one  leg  of  an  angle-iron  to  centre 
of  nearest  rivet-hole,  in  other  leg,  shoukl  he  lit  least  \\"  for  l"diiinietor  rivet; 
lJ"for  2"  diameter  rivet  ;  1"  for  j"  diameter  rivet;  j"  for  £"  diameter  rivet; 
Vi-W  for  \"  diameter  rivet  ;  and  if  possible  these  distances  should  be  increased. 
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Of  course  the  more  rivets  there  are,  the  more  will  the  plates  be  in- 

j  ured   and   cut   away ;    this   loss,  however,    can  be 

Chain,  zig-zag     larsrelv  overcome  by  what  is  called  "  chain-rivetinjr," 
or  staggered.         °    •;  „     .       .  ,   ,  ,.  ,       , 

or  "  zig-zag      riveting,  and  by  making  the  laps  or 

cover-plates  pointed. 

Chain  riveting  consists  of  jilacing  the  alternate  rivets  on  different 

lines  instead  of  all  on  one  line,  see  Figure  1G4.     This  again  is  called 
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FI&.  164. 

zig-zag  if  they  alternate  as  shown. ^      A  cross-cut  through  this  plate 

at  any  point   can   only  jjass  through  two  rivets  if  chain-riveted  or 

through  one  rivet-hole  if  zig-zag  riveted;  so  that  the  plate  is  only 

weakened  by  two  or  one  rivet-hole,  resjDectively,  while  it  may  have 

a  large  number  of  rivets. 

Where  plates  are  lapped  or  joined  by  cover-plates,  the  rivets  have 

to  transfer  the  full  strain  from  one  plate  to  the  other  (in  case  of  a 

lap)  ;  or  from  one  plate  to  the  cover-plate  and  from  that  to  the  other 

plate  (in  case  of  cover-plates).     Of  course,  it  can  be 

^  I,    u   I  -    readily  seen  that  this  means  a  large  number  of  rivet- 
ened  by  holeSn  -  ^ 

holes  and  a  very  great  weakening  of  the  plates.  If 
it  were  practical  to  suddenly  enlarge  the  plate  at  the  riveting  point 
there  would  be  no  loss,  but  this  would  be  clumsy  and  besides  it  would 
not  be  practicable  to  roll  plates  with  certain  i)oints  enlarged  or  thick- 
ened. As  the  whole  plate,  however,  will  be  equal  only  to  its  strength 
at  its  least  cross-section  the  rivets  should  be  so  disposed  as  to  weaken 
the  plate  as  little  as  possible.  This  is  done  by  pointing  the  jilate 
ends  in  the  case  of  lapping,  or  the  ends  of  cover-plates  where  these 
are  used,  and  are  not  covered  in  the  construction.  Where  the  plates 
are  to  be  ultimately  hidden  out  of  sight,  this  expense  is  saved,  the 
plate  ends  are  left  square,  but  the  rivets  are  placed  pointedly  or 
pyramidically. 

Thus,  in  Figure  1(35  is  shown  a  lapped  joint  with  staggered  rivets  ; 

we  will  suppose  that  calculation  has  shown  the 
Lapped  Joints.  .^       .     .         .     ^    ^  i  ^u    i.  i    ^     • 

necessity  of  nine  rivets  to  equal  the  tensionai  strain 

»Most  mills  use  the  term  "  staggered  "  in  place  of  "  zig-zag,"  but  for  conven- 
ience in  writing  the  writer  prefers  to  use  the  term  staggered  to  mean  zig-zag 
rivets  placed  pyramidically. 
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on  each  plate.  The  under  plate  A  is  dotted,  the  upper  plate  B 
drawn  with  full  lines.  By  arranging  the  rivets  as  shown  in  Figure 
165,  each  plate  is  weaicened  only  by  one  rivet-hole.  (As  already  ex- 
plained the  plates  themselves  need  not  necessarily  be  pointed,  but 
can  be  left  square,  if  expense  must  be  considered  and  looks  are  no 
object.)     For,  while  a  section  at  C  shows  plate  A  weakened  by  two 

rivet-holes  (Xos.  2  and  3) 

i_i.,_^ -.  it  must    be    remembered 

4   I  j«^  I  that  the  strain  on  ^4  is  no 

•   lontrer  the  full  strain,  but 


I  I  ^ 


D.  C. 


10. 163.  t^^   been    diminished   by 

an    amount   equal   to   the 

work  that  would  have  come  on  the  one  rivet-hole ;  for  rivet  No.  1 

has  already  transferred  this   amount  to  plate  B.      Similarly  while 

a  cut  at  D  shows  three  rivet-holes  (Nos.  4,  5  and  6)  the  plate  is 

really  not  weakened  at  all  here,  for  an  amount  of  strain  equal  to 

what  would  have  come  on  the  metal  taken  from  these  rivet-holes  has 

already  been  transferred  to  plate  B  by  rivets  Xos.  1,  2  and  3. 

Similarly  as  the  strain  on  B  increases  the  rivet-holes  in  it  diminish 

till  at  No.  9,  plate  B  has  got  the  full  strain  and  is  therefore  only 

weakened  by  this  one  rivet-hole. 

The  disadvantage  of  lapping  plate  ends  is  obvious,  as  the  plate 

would  not  continue  in  the    same  plane.      For    this 

Butt  Joint  with     reason   ioints   are   generally  made   by  butting   the 
cover-plates.  /  ^         ,  =     ,         •'     .  ,      ,       •  , 

ends  of  the  plates  and  covermg  one  or  both  sides 

with  cover-plates.  The  principle  of  riveting  is  the  same  as  for 
lapped  joints,  but  it  will  require  a  different  disposition  of  the  rivets, 
and  twice  the  number  of  rivets,  as  plate  A  (Figure  166)  has  to 
transfer  its  strain  to  the  cover-plate  by  one  series  of  nine  rivets,  and 
the  cover-plate  transfers  it  to  plate  B  by  another  series  of  nine 
rivets.  This  can  be  readily  seen  in  Figure  106.  In  this  case  the 
disposition  of  the  rivets  requires  an  extra  rivet  each  side,  or  20  in 
all. 

Where  it  is  not  necessary  to  keep  plates  A    and  B  in   the   same 
plane  it  would  be  cheaper  and  better  of  course  to  lap  them,  rather 

than  to  use  onn  cover-plate.     If,  however,  two  cover- 
Two  cover-  ulates  can  be  used,  one  on  top  of  the  plates  and  the 
plates  best.    '  ,         ,  ,  , 

other  under  tliem,  tlie  advantage  is  very  great,  as 

the  strain  will  be  transmitted  in  a  direct  line  or  i)lane  from  plate  A 
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to  plate  B,  and  besides  this  the  joint  is  greatly  strengthened  by  the 
friction  between  the  cover-plates  and  plates  A  and  B.  In  an  experi- 
ment made  by  Clark  with  three  |  inch  thick  plates  riveted  with  one 
I  inch  rivet  through  an  oblong  hole,  it  was  found  that  friction  added 
about  5  tons  resistance  against  pulling  out  the  centre 
CainbyFriction.pi^^g_      This  would  seem  to  add  a  safe-strength  to 

each  I  inch  rivet  of  -.  and  if  /=  5   (or  a  factor-of-safety  of  5  were 

used)  it  would  add  just  one  ton  to  the  calculated  strength  of  a  |  inch 
rivet.  This  increase,  however,  is  a  doubtful  one,  and  would  prob- 
ably be  lost  in  time  by  a  gradual  wearing  of  the  plates  due  to  this 
very  friction,  or   possibly  from   slight  rusting  or  other  causes ;    no 


riG,  167. 


FIG,  166. .. 

allowance  should  therefore  be  made  for  extra  strength  due  to  friction, 
but  it  certainly  is  a  great  advantage  in  making  joints  ;  and  the  above 
facts  may  account  largely  for  the  discrepancies  in  experiments  on 
riveted  joints,  where  no  allowance  is  made  for  friction. 

The  pitch  of  rivets  is,  of  course,  governed  by  circumstances.  The 
rule  is  to  try  to  arrange  the  rivets,  so  that  the  strength  of  the  plate 
between  them  shall  equal  the  actual  strength  of  the  rivet. 

In  boiler-work,  however,  they  must  be  located  not  only  for 
strength,  but  must  be  placed  close  enough  to  make 
Boiler  Riveting.  ^^^^  ^^.^^  steam-tight.  For  this  reason,  too,  boiler- 
plates are  always  lapped,  the  joint  being  more  easily  caulked  and 
made  tight. 

In  constructional  work,  however,  there  will  be  a  great  loss  and 
waste  of  material,  if   the  rivets  are  placed  too  closely.      In   plate 
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girders  and  riveted  joints  in  trusses  the  rule  is  not  to  make  the  pitch 
less  than  2^  diameters  for  punched-work,  nor  more  than  sixteen 
times  the  thickness  of  the  least  plate  at  the  joint,  or  : 

p  =  16.t  (107) 

Where  7?  =:  the  greatest  pitch,  in    inches,  for    rivets  of  plate- 
Createst  Pitch,    girders  or  riveted  trusses. 

Where    t  =z  the  thickness  of  the  thinnest  plate,  in  inches. 
The  pitch  is  measured  from  centre  of  hole  to  centre  of  hole  on  a 
direct  (straight)  line. 

p,  =  2A.  c?  (108) 

Where  p,  =  the  least  pitch,  in  inches,  for  rivets  of  plate-girders 
Least  Pitch.         or  riveted  trusses. 

A^  here  d  =  the  diameter  of  rivet-holes,  in  inches. 
The  exact  pitch  must  be  between  these    two   limits  ;  and  is,  of 
course,  calculated. 

Different  writers  have  attempted  to  lay  down  exact  rules  for  the 

size  of  rivets  to  be  4ised,  using  for  a  basis  for  the 

lameteroj^^^^  formulse  the  thickness  of  thinnest  plate  to  be  riveted. 

Such  rules,  however,  generally  do  not   agree  with 

good  practice,  as   they  either  make  the  rivets    too    small  for   thin 

plates,  or  too  large  for  thick  ones,  or  vice  versa. 

As  a  rule  the  local  circumstances  must  control  the  selection  of  the 
size  of  rivet ;  the  following,  however,  may  serve  as  a  general  guide : 
For  plates  from    ^"  to  ^^"  thick,  use  rivet-holes  |"  diameter. 
For  plates  from    i"  to    |"  thick,  use  rivet-holes  f"  diameter. 
For  plates  from  ll"  to  if"  thick,  use  rivet-holes  |"  diameter. 
For  plates  from    f"  to    1"  thick,  use  rivet-holes  1"  diameter. 

Of  course,  larger  or  smaller  rivets  can  be  used,  but  as  a  rule  |  inch, 
I  inch,  and  |  inch  are  most  desirable. 

Figure  1C7  shows  the  different  ways  in  which  riveted-work  will 
yield.  This  figure  is  made  from  a  photograph  of  an  actual  speci- 
men, tested  and  torn  apart  at  the  Watertown  arsenal. 

It  is  evident  that  the  plate  began  yielding  by  all  of  the  rivets  com- 
pressing or  crushing  the  plates,  and  finally  yielded 
ow  P'^^j^i^^^  completely  by  tearing  apart  from  2  to  1  and  to  left 
edge  and  tlie  same  from  4  to  5  and  the  right  edee, 
while  rivet  3  tore  its  way  completely  out,  shearing  off  a  jjicce  of  the 
plate,  and  rivets  2  and  4  partially  so. 

'J"he  iron  plates  tested  were  lo  inches  wide,  ^  inch  thick,  with  two 
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iron  cover-plates  15  inches  x  ^^g  inch  each.     The  rivets  were  ^|  inch 
of  iron  and  filled  1  inch  drilled  holes,  pitch  3  inches. 

The  gross  area  of   plate  was  3,765  square  inches,  the   net  area 
2,510.     The  total  bearing-surfaces  of  rivets  on  the  jilates  aggregated 

1,255  square  inches,  and  their 
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aggregate  shearing  areas, 
(being  in  double  shear)  was 
7,854  square  inches.  At 
116715  pounds  strain  the 
edges  contracted  and  scale 
on  the  specimen  began  to 
start  and  the  plate  yielded  as 
shown  at  167200  pounds 
strain.  This  was  equal  to 
44410  pounds  tension  per 
square  inch  on  the  uncut 
plate,  or  66610  pounds  per 
square  inch  on  a  line  at  the 
rivet-holes  (or  net  area). 

The  compression  from  the 
rivets    was    133230     pounds 

per   square   inch,  while  the    shearing  was  only  21290    pounds    per 

square  inch. 

This  example  shows  clearly  how  the  plate  yields.      Besides  this 

the  joint  might  yield  by  breaking  or  shearing  off  the  rivets.       We 

have  then  the  following  six  manners  in  which  a  riveted-joint  might 

yield. 

How  Riveted  1.  By  crushing  either  the  rivet  or  the  rivet  crush- 

joint  yields,  ing  the  plate. 

2.  By  shearing  off  the  rivet  —  in  single  shear. 

3.  By  shearing  off  the  rivet —  in  double  shear. 

4.  By  bending  or  cross-breaking  of  the  rivet. 

5.  By  tearing  the  plate  apart  or  crushing  it  between  rivet-holes. 

6.  By  the  rivets  shearing  out  the  part  of  the  plate  between  them 
and  the  edge. 

In  Figures  168,  169  and  170  are  shown  three  kinds  of  joints,  each 
with  a  single  rivet  transferring  the  whole  strain;  in  Figure  168 
directly  from  plate  A  to  plate  B ;  in  Figure  169  transferring  strain 
from  plated  to  cover-plate  and  thence  to  plate  B;  and  in  Figure 
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170  transferring   one-half  of   the  strain  A  to  each  cover-phite   and 
tbence  each  half  is  transferred  back  again  to  plate  B. 

It  should  be  remarked  here  that  cover-plates  (as  in  Figure  169) 
should  be  at  least  the  full  width  and  thickness  of  the  original 
plates.  In  practice  they  are  made  a  trifle  thicker  (about  ^  inch 
or  more). 

Cover-plates,  as  in  Figure  170,  should  each  be  the  full  width  of 
original  plates  and  at  least  one-half  the  thickness  of  same ;  in 
practice  they  too  arc  each  made  about  Jg  inch  (or  more)  thicker. 

The  plates  A  and  B  are  themselves,  of  course,  of  the  same  thick- 
ness. 

Now  to  prevent  failure  by  the  first  method,  compression,  there 
must  be  area  enough  at  both  G  H  and  C  D,  (if 
^Compression.  Y^^^^^  ^^'^  i"  tension),  not  to  crush  the  rivet  or  the 
plates  at  these  points,  {C  D  -\-  E  I  and  at  G  H  in 
Figure  170).  This  area  is  considered  equal  to  the  thickness  of 
either  plate  ^  or  ^  (or  of  cover-plate  or  their  sums)  multiplied 
by  the  diameter  of  rivet-hole. 

To  resist  failure  by  the  second  method,  single-shearing  of  rivet, 

the  area  of  cross-section  of  each  rivet  must  be  suffi- 

^'  "shearing.   ^'^^^^  ^°^  ^^  shear  off  under  the  total  strain  on  either 

plate  .1  or  B.     It  will  be  readily  seen  that  only  the 

rivets  in  Figures  168  and  169  are  subjected  to  single  shearing,  viz: 

at  their  sections  G  D.      The  rivets  in  Figure  1 70  have  two  areas 

resisting   shearing,   GD  and  HE,  hence  are  subjected   to   double 

shearing  ;  therefore  their  area  of  cross-section  need  only  be  sufficient 

to   resist   a   shearing    strain   equal   to   only   one-half    of    the   total 

strain  on  either  plate  A  or  B,  in  order  to  avoid  failure  by  the  third 

method. 

To  avoid  failure  by  the'  fourth  method,  the  rivet  must  be  suffi- 
Failure  by  ciently  strong  to  resist  the  load  as  a  lever  in  Figures 

bending.   168  and  169,  and  as  a  beam  in  Figure  170. 

In  Figures  168  and  169  we  can  consider  the  part  D  C  F  G  as  tlie 
built-in  part  of  a  lever,  with  a  free  end  D  E  II  G  which  carries 
a  uniform  load  equal  to  the  whole  strain  on  either  plate  A  or  B. 

In  Figure  170  we  liave  a  beam  supported  at  C  D  G  F  and  E  IJ  H, 
with  its  span  or  central  part  G  II  E  />  loaded  with  a  uniforui  load 
equal  to  the  whole  strain  on  either  ])late  A  or  B. 

To  prevent  failure  by  the  fifth  iiictlioil  the   area  of  cross-section 
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o£   either   plate   taken    at   right    angles    across    same    through  the 
rivet-hole  —  (that  is,  deducting  the  rivet-hole  from 

Failure  of   ^^^    ^j^g  ^^.^^  ^f  cross-section) — should  be  sufficient  to 
resist  the  tension  or  compression. 
To   prevent  failure  by  the  sixth  method  the  rivets  must  be  far 
enough  from  the  edges  of  plates  (cover  and  original 

The  rule  is  shown  in  Figure  171.  Make  angle 
A  0  C=90°  that  is  a  right  angle  (0  being  the  centre  of  rivet-hole 
and  C  A  part  of  its  circumference),  and  so  that  the  directions  of  0  A 
and  O  C  are  at  45°  with  edge  of  plate  D  B.  Then  the  sums  of  the 
areas  A  B-\-C  D —  (that  \s,  A  B-\-  C  D  multiplied  by  thickness  of 
plate)  —  must  be  sufBcient  to  resist  the  longitudinal  shearing  strain, 
which  in  this  case  would  be  the  strain  on  either  plate  A  or  B 
(Figures  168  to  170). 

To  jjut  the  above  in  formulaj  we  should  have  : 

s 

Bearing.  ''~  d.h.(±\  "^^^''^ 

Use  X  for  lap  joints  only. 

Use  2  X  in  place  of  x  for  butt  joints  with  single  or  double  cover- 
plates. 


SingleShearing.  ^  _^_^    ,72    /   9  \  (HO) 

7 


0,7857.  fZ2/i^\ 

Use  a-.for  lap  joints  only. 

Use  2  X  in  place  of  x  for  butt  joints  with  single  cover-plate. 


(Ill) 


(112) 


s 

Double  •*- —  /   n  \ 

Shearing.  1,5  714.  fZ2.(  K) 

Use  2  X   or  butt  joints  with  double  cover-plates. 

_  s.  h. 

Bending-  ^  — /    i-  \ 

moment  Lever.  0,19G4.  f/3.  /  _^  \ 

Use  X  for  lap  joints  only. 

Use  2  X  for  butt  joints  with  single  cover-plates. 

_  s.  h 

Bending-  x — j—  (113)1 

moment  Beam.  0,7857.  J3.  /   :^  \  ^        ^ 

'  The  fourth  decimal  given  in  forniuhie  is  uot  quite  right,  but  is  made  to  corres- 
pond with  fractious  used  iu  Table  I. 
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Use  2  X  for  butt  joints  with  double  cover-plates. 


Tension  on 


Jl  = 


Plate.  i.  f_L\ 

Use  (  -^  )  instead  of  (  — r  j  if  plate  is  in  compr 
Shearing  end       Z/ ^= 


of  plate.  2.h.(A^ 


(114) 


(115) 


(If  more  than  one  rivet  use  -  instead  of  s  for  distance  of  each  rivet 

X 

from  end  as  shown  in  Figure  171.) 

Where  s  =  the  whole  load  or  strain,  in  pounds,  to  be  trans- 
ferred from  one  side  of  the  joint  to  the  other. 

"Where  f/=  the  diameter  of  rivet-hole,  in  inches. 
"Where  /i  =  the  thickness  of  plate,  in  inches.  "Where  more 
than  one  plate  is  used,  take  for  h  the  least  aggregate  sum  of  thick- 
nesses of  all  plates  acting  in  one  direction.  (The 
sum  of  cover-plates  should  at  least  equal  this 
aggregate  in  thickness  and  should  be  larger, 
where  the  net  b  of  cover-plates  is  smaller  than 
the  net  b  of  connected  plates.) 

Where   b  =  the    net   breadth   of  •j)late,    in 

^  '  ^  inches,  that   is   the  breadth,  less   rivet-holes,  at 

T*'TC5-     171 

" "  the  weakest  section  ;  where  more  than  one  plate 

is  used  they  should  all  of  course  be  of  same  breadth.     The  net  b  of 

cover-plates  will  frequently  be  much  less  than  that  of  original  plates, 

as  they  lose  the  greatest  number  of  rivet-holes  at  their  centre,  where 

they  are  carrying  the  full  strain. 

Where  x  =  the  total  number  of  rivets  required  at  the  joint  for 
lap  joints,  and  the  number  required  each  side  of  joint  for  butt  joints 
with  single  or  double  cover-plates ;  that  is  in  the  latter  two  cases  2  x 
will  be  the  total  number  of  rivets  required. 

Where  i/=in  inches,  is  the  length  .1  J!  or  C  Z>  (Figure  171) 
from  any  rivet  to  free  edge  of  plate ;  where  more  than  one  rivet  is 

used,  insert  '*  in  formula,  in  place  of  n.      It  will  only  be  necessary,  of 

X 

course,  to  calculate  //  for  the  line  of  rivets  nearest  free  edge. 

Where         (   ^.)  =  safe  compression  stress,  per  scpiare  inch, 
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Where         /  —  j  =:;  safe  tension  stress,  per  square  inch, 
Where         (  "^  j  =  safe  shearing  stress,  per  square  inch, 

Where         (—\=:  safe  moduUis  of  rupture,  per  square  inch, 

all  in  pounds,  (see  Table  IV). 

Safe    stresses         The  writer  uses  the  following  values,  as  a  rule  for 
on  Rivets  and       .     ^  ,     . 

Pins.  7- wets  ana  puis. 

For  Wrought  ^^   /^\  _  12000  pounds,  per  square  inch. 

(—JT^  12000  pounds,  per  square  inch. 

(^\=    8000  pounds,  per  square  inch. 

(  ~j  =  15000  pounds,  per  square  inch. 
For  Steel.  /       j  =  15000  pounds,  per  square  inch. 

(  —  j:=:z  15000  pounds,  per  square  inch. 

( -^  j  :=  10000  pounds,  per  square  inch. 
,  (^  ^  j^  18000  pounds,  per  square  inch. 

Example  I. 
Lap  Joint.  A   wrought-iron  plate,  lohich  cannot  he   over    12" 

loide,  is  required  to  he  so  long  that  it  has  to  he  made  up  from  two 
lengths;  the  joint  is  to  be  a  lap  joint.  The  plate  is  in  tension  and 
is  strained  65000  pounds.     Design  the  joint. 

We  will  assume  that  we  propose  to  design  the  joint  as  shown  in 
Figure  165,  with  staggered  rivets,  in  that  case  the  plate  will  only  be 
weakened  by  one  rivet-hole.  We  can  readily  see  that  the  plate  will 
not  need  to  be  very  thick  and  decide  to  use  |"  rivets,  (that  is  |" 
rivet-holes)^ ;  we  then  shall  have  a  net  breadth  of  plate 
Size  of  plate.        &=:12"  —  |"  =  11^". 

Of  course  s  =  65000  in  this  case,  and  we  know  that 


(7) 


12000; 

inserting  these  values  in  Formula  (114)  we  have : 
1  Before  heating,  in  this  case,  the  rivets  would  be  -,  • 
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,  65000  .  ,„.„ 

^^rifTWO^''^'^ 

Or  we  should  use  a  plate  one-half  inch  thick. 

We  next  determine  the  number  of  rivets  required. 

In  the  first  place  there  must  be  enough  for  bearing,  that  is  not  to 

Required  crush   the   plate   or   get  crushed   by   it.      We  use 

nurt  '  ■"'"' 

ets. 

65000 


num  I  -  poj-njuia  (109)  inserting  the  values,  and  have : 


— 14  44. 
-  — |.^.  12000  ~' 

Or  we  should  need  15  rivets  for  bearing.  Had  we  figured  without 
using  the  formula,  we  should  have  said,  the  bearing  area  of  each 
rivet  is  J"  hy  ^"  =  f  square  inches,  this  at  12000  pounds,  per  square 
inch,  would  equal  4500  pounds  safe-compression  for  each  rivet, 
dividing  this  into  65000  pounds,  the  strain,  would,  of  course,  give 
the  same  result  14,44  or  say  15  rivets. 

We  next  see  if  there  is  any  danger  from  shearing.  The  joint  be- 
ing a  lap  joint,  the  rivets  will  have,  of  course,  only  one  sectional  area 
to  resist  shearing,  that  is,  will  be  in  single  shear,  so  that  we  use 
Formula  (110)  and  inserting  values  have: 

65000  ,-„„ 

X  = =  18,39 

0,7857.  (1)2.  (|) 

Or  we  must  use  19  rivets  to  prevent  the  shearing. 

Had  we  figured  witliout  the  use  of  formula,  we  should  have  said, 
area  of  a  |"  rivet  is  =:  0,44 17  square  inches.  This  multiplied  by 
8000  pounds  (the  safe  shearing  stress  per  square  inch)  =  3533,6 
pounds,  or  each  rivet  could  safely  assume  this  amount  of  the  strain 
without  shearing.  This  amount  being  less  than  the  safe  compression 
on  each  rivet,  would,  of  course,  require  a  larger  number  of  rivets, 
and  should  therefore  be  used,  rather  than  the  latter.      We  have, 

in  effect  -'— =  18,39  or  say  19  rivets,  being  four  more  than  re- 
quired for  bearing. 

We  next  take  up  the  question  of  bending  ;  the  joint  being  lapped 
the  rivets  will  nractically  become  short  levers.  We  use  Formula 
(112)  ;  inserting  values,  we  have  : 


65000.^ 


=  26,15 


0,1964.  (^)8. 15000 
Or  we  should  have  to  use  at  least  26  rivets  to  prevent  Ijending; 
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which  readily  illustrates  the  great  disadvantage  of  not  transferring 
the  strain  in  a  direct  plane,  by  using  two  cover-plates. 

Had  we  not  used  the  formula,  we  sliould  have  said,  we  have  here 
a  I"  circular  lever,  the  free  end  projecting  ^"  and  loaded  uniformly 
with  a  load  of  65000  pounds. 

From  Formula  (25)  or  Table  VII  we  have  the  bending-moment 

65000.  i        .ri-n  1     •       1 

VI  = ^^  162o0  pounds-inch. 

2  ' 

and  from  Table  I,  section  No  7  the  moment  of  resistance, 

r=\\.  (1)3  =  0,04143 

From  the  formula  on  page  49,  Volume  I, 


we  have  the  total  extreme  fibre  strains  on  all  the  rivets, 

5=^^^1^  =  392228  pounds. 
0,04143  ^ 

This    divided   by   the    safe  strain,    or    safe  modulus   of    rupture 

(-^)  =  15000  pounds,  will  give  the  number  of  rivets  required,  viz  : 

392228       ,„  .  . 

=  26, lo 

15000 

or  26  rivets  as  before. 

We  still  have  to  decide  the  distance  y  (or  A  B,  Figure  171).     "We 

use  Formula  (115).    As  we  have  more  than  one  rivet  we  use  in  place 

of  s  the  strain  on  each  rivet  or  ^,  which  was   the  largest   number 

2o 

required  as  above,  therefore  : 

^_65000_2500 
26  26 

Inserting  this  in  Formula  (115)  we  have: 

_2500__  .„ 

-^        2.  ^.  8000 

This,  however,  being  less  than  our  rule  which  requires  1^  diameters 

from  centre  of  hole  to  edge,  we  will  stick  to  the  rule. 

We  now  design  the  joint. 

We  have  a  plate  12"  wide,  J"  thick,  lapping,  and  require  26  rivets. 

Designing  the     They  must  be  arranged  not  to  weaken  the  plate  by 

joint,   u^ore  than  one  rivet-hole. 

If  we  arrange  the  rivet-lioles  as  shown  in  Figure  172,  we  will  find 

it  the  most  economical  arrangement.      To  be  sure  it  allows  for  only 
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25  rivets,  but  that  will  probably  be  near  enough,  otherwise  we  should 
have  to  insert  at  least  five  more  to  keep  them  symmetrical.     It  will 

be  readily  seen  that  the  weak- 
est point  is  at  section  A 
where  one  rivet-hole  is  lost. 

Section  B  is  of  same 
s  t  r  e  n  g  t  h ,  two  rivet-holes 
being  lost,  but  the  strain  has 
been  reduced  by  an  amount 
'  equal  to  the  value  of  one 
rivet-hole. 

At  section  C  we  lose  three  rivet-holes,  but  the  strain  has  been  re- 
duced by  the  value  of  three  rivet-holes,  so  that  the  plate  practically 
has  its  full  value  here. 

At  sections  D  and  E  the  plate  is  stronger  to  resist  the  remaining 
tension  than  required. 

By  figuring  out  E  (12"  wide)  it  will  be  seen  that  the  pitch  on  this 
line  is  more  than  required  by  the  rule,  Formula  (108). 

The  pitch  F  G  between  two  adjacent  lines  of  rivets,  measured  on 
the  slant  from  centre  to  centre  of  rivets,  should  be  at  least  2;^  diam- 
eters, 2 A.  1=  li"  or  say  2". 

It  will  be  good  practice  for  the  student  to  carefully  lay  this  joint 
out  to  scale. 

Example  II, 

A  steel  plate  10"  wide  has  to  be  pieced,  and  for 

Butt  joint  single/^pQ^  reasons  this  can  only  he  done  bti  a  cover-plate  on 
cover-plate.  _      •■'  j  i 

one  side.     The  plate  is  subjected  to  a  tensional  strain 

of  135000  pounds.     Design  the  Joint. 

Of  course,  the  rivets  must  be  of  steel  too. 

We  will  again  assume  that  we  can  stagger  the  rivets,  so  that  we 
shall  lose  only  one  rivet-hole.     The  plate  will  evidently  have   to  be 
thick  and  we  will  decide  to  use  1"  rivets  ;  this  would  leave  us  a  net 
breadth  of  plate 
Size  of  plate.        b=10"  —  l"  =  'J" 

From  Formula  (114)  we  have  : 
,  _  235000  _    „ 
^  "~  ij7l  5000  ~ 

Or  the  plate  will  have  to  be  just  one  inch  thick.     The  cover-plate 
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should  be  at  least  the  same,  if  there  were  only  one  rivet,  but  as  there 
will  evidently  be  more  than  one  and  we  propose  staggering  the 
rivets,  the  cover-plate  will  have  to  be  considerably  thicker  ;  we  can 
therefore  leave  the  cover-plate  out  of  consideration  for  the  present 
as,  beino-  thicker,  or  in  case  of  one  rivet  equal  to  the  plates  to  be 
joined,  it  will  certainly  be  as  strong,  and  not  crush. 
Required  Now,  as  for  the  number  of  rivets,  from  Formula 

number  of  riv-   (109)  we  have  for  bearing  : 

***'  _     135000     _  g 

^~1.  1. 15000  ~ 
Or  nine  rivets  are  required  not  to  crush  the  plate  or  be  crushed  by 
it  (each  side  of  joint). 

From    Formula  (110)  we   have  for  single    shearing  (as    there  is 
evidently  only  one  area  to  each  rivet  to  resist  shearing)  : 
_  135000  —17  9 

^~  0,7857.  12.  10000  ~     ''" 
Or  seventeen  rivets  are  required  to  resist  the  shearing  (each  side 
of  joint).      The  rivets  will  evidently  be  levers  in  this  case  and  we 
have  from  Formula  (112) 

_        135000.1        _(^s.i 
^~  0,1964.  13.  18000       '    ' 
Or  it  will  require  thirty-eight  rivets  to  resist  the  bending-moment 
(each  side  of  joint).     This  again  shows  the  advantage  of  using  both 
a  top  and  bottom  cover-plate  and  so  avoiding  the  great  leverage  on 
the  rivets. 

It  must  now  be  borne  in  mind  that  the  joint  is  a  butt  joint,  there- 
fore, unlike  the  case  of  lap  joint  where  the  whole 
Designingt^he^^  number  of  rivets  bear  on  each  plate,  we  must  here 
use  twice  the  number,  as  only  one-half,  or  those  each 
side  of  the  joint  bear  on  one  plate,  or  we  require  in  all  76  rivets. 

The  plate  is  so  narrow  that  we  cannot  get  more  than  three  rivets 
on  a  line  across  the  plate,  without  infringing  on  the  rules  for  pitch. 
We  can,  therefore,  stagger  the  end  rivets  and  make  the  rest  either 
chain  riveted  or  zig-zag  riveted.  The  chain  riveting  will  require  a 
little  longer  cover-plate,  but  in  the  case  of  a  plate-girder  flange 
would  have  the  advantage  of  using  the  rivets  that  are  needed  for  the 
angle-irons. 

In  that  case  we  should  not  stagger  the  end  rivets,  for  our  plate 
would  onlv  be  weakened  bv  one  additional  hole,  and,  of  course,  the 
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gross  breadth  of   plate  would  have  to   be  12  inches  instead  of    10 
inches  to  give  same  strength. 

Figure  1 73  shows  this  joint  chain  riveted,  with  end  rivets,  statr- 
gered,  to  correspond  to  our  calculated  example. 

We  see  that  it  takes  39  rivets  each  side  of  joint  for  symmetry. 
Figure  1 74  shows  this  joint  zig-zag  riveted.      It  has  three  advant- 
ages over  the  other,  it  is  shorter,  takes  just  the  right  number  of 
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FIGi  173. 


rivets  and  requires  a  thinner  cover-plate.  For  in  Figure  173  at  the 
first  line  of  rivets  next  to  the  joint  (C),  the  cover-plate  loses  three 
rivet-holes  and  bears  the  full  strain,  or  its  clear  breadth  would  be 


jomr. 
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*-  FIG.  1 74-. 

only  7  inches  and  from  Formula  (114)  would  require  a  cover-plate  of 
thickness 

^_  135000  _ 
7.15000  ' 

or  say  1  ^"  thick. 

Whereas,  in  Figure  174,  next  to  the  line  C  we  lose  only  two  rivets 
and  have  consequently  a  clear  breadth  of  8  inches  and  require  from 
Formula  (114)  a  cover-plate  of  thickness  equal  to 
^_  135000  _^. 
8.15000         ' 
or  only  1^  inch  cover-jiUite. 
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Had  we  not  used  the  formula  we   should  have  figured  out  our 
rivets,  etc,  as  follows  : 

Required  net  or  clear  area  of  plate 

=  9  square  inches.      Net  breadth  being  9"  gives,  of 


135000 


15000 

course,  1"  thickness. 

Bearing   area  of   each   rivet  =  1.1  =  1    square  inch,   which  will 

safely  hear  15000  pounds  or  we  should  need 

135000       „    .     , 

—  =  9  rivets. 

15OO0 

Single  shearing  area  of  each  rivet  (or  area  of  a  circle  1"  diameter) 

=  0,7854    square   inches,  which  at  10000  pounds  per  squai-e  inch, 

would  give  a  resistance  to  shearing  per  rivet  =  7854  pounds  or  we 

should  need 

135000  —  ^-2  i-ivets.      For  bending  we  should  have  a  one 
7854 
inch  circular  lever,  projecting  one  inch  and  uniformly  loaded  with 
135000  pounds. 

The  bending-moment  would  be  Formula  (25) 

135000.1       ^--AA  1 

711  =  =  6 1  oOO  pounds. 

The  moment  or  resistance  would  be  Table  I,  section  No.  7 

r=ll-G)'  =  0,0982 
The  strain  s,  therefore,  on  all  the  rivets  will  be  [page  49,  Volume 

I] 

,^^67500^^3-3-3 
0,0982 
This   divided   by  the    safe    modulus    of   rupture  for    steel   rivets 

I' JL^  =  18000  will  give  the  required  number,  as  before, 

687373^33 
18000 

Example    III. 

B..**  •«•..* T^^         Same  problem  as  before,  but  two  cover-plates  to  be 
Butt-joint  I  wo  ^  J       '  ' 

Cover-plates,  used,  one  above  and  one  below  the  joint. 

We  will  again  decide  to  stagger  the  rivets   and  losing  only  one 
rivet-hole  will  again  require  a  1"  thick  plate. 


COVER    PLATES.  77 

Now,  for   bearing  we  will  have  the  same  result   as  before,  r/~.  ; 

9  rivets  recpired,  but  in  shearing  it  is  evident  that 

Required  num-   qq^  each  rivet  has  two  resisting  areas  or  is  in  double 
ber  of  rivets.  °  ,    ,r      ,•     , 

shear,  so    that  we  will  need   only  one-half  of   the 

17  2 

previous  quantity  or  — 1-=8,6  or  say,  nine  rivets.      Had  we  used 

Formula  (111)  we  should  have  obtained  this  result,  for  : 
._  135000  —86 

^~  1,5714.  12.  10000""    ' 

For  the  bending-moment  we  use  Formula  (113)  and  have 

_  135000^J^ ^gg 

0,7857.13.18000         ' 
or  say  ten  rivets  required  to  resist  cross-breaking.     This  shows  how 
much     better    proportioned    the    different    strains 

Advantage  of       (shearintf,  bendinsr  and  bearing)  are  to  each  other, 

Two  Covers,    v  ='  ^  '^■'  ' 

where  we  use  two  cover-plates.      Had  we  calculated 

directly  without  use  of  formula  we  should  have  obtained  the  same 

results.     We  have  already  calculated  net  area  of  plate  and  bearing 

value  of  rivets  in  Example  II,  also  the  single  shearing  value,  which 

was  7854  pounds  per  rivet ;  as  we  now  have  two  areas  this  would  be 

doubled  or  the  resistance  of  each  rivet  to  shearing  would  be  15708 

pounds  and  the  number  required  Y'^^TTq"  ^^  ^'^  ^^  before. 

For  bending-moment  we  should  have  a  1"  circular  beam  with  a 

clear  span  of  1",  uniformily  loaded  with  135000  pounds. 

From  Formula  (21)  we  have  the  bending-moment 

135000.1        ,„„,,  ,    .     , 

m  ^ =  168/5  pounds-inch 

8 

Moment  of  resistance  will  be  as  before 

r=  0,0982 

Therefore  the  total  strain  on  all  the  rivets 

5=3.11^=171843 
0,0982 

This  divided  by  (  — .  )=  18000  gives  the  required  nuiiil)cr  of  rivets 

as  before 

171843        „. 

X  = =  9,y 

1  HOUO 

Designing  the  We   now  de^i^^n  the  joint,  as  before,  •"•^'■"^'"•bering 

joint,  j^j  stagger  the  rivets  and  to  place  the  re/piiied  num- 
ber each  side  of  joint.  The  greatest  number  reepiired  was  to  resist 
cross-breaking,  viz.,  ten. 
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We  can  design  as  shown  in  Figure  175  or  as  shown  in  Figure  ]  76 ; 
both  require  eleven  rivets  each  side  of  joint,  but  cover-plates  in 
Figure  176  need  only  aggregate  1|"  in  thickness,  that  is,  be  ^^"  thick 
each ;  while  those  in  Figure  1 70  would  have  to  aggregate  1  -^^"  in 
thickness,  or  be,  say,  \\"  thick  each. 

Joint  shown  in  Figure  175  looks  a  little  better,  but  otherwise  there 
is  no  preference. 

If  cover-plates  are  not  equal  in  thickness  each  side  of  plate,  it 

would     require   very   many    more 
rivets.     Each  rivet 
Covers  of  same   ^^^^^^^     become     a 
thickness. 

double  lever,  witli 

its  central  part  built-in  and  a  pro- 
jecting free  arm  each  side,  the 
length  of  arms  being  equal  to  their 
respective  thicknesses  of  cover- 
plates.  The  load  on  each  arm 
would  be  the  proportion  of  whole 
strain,  that  the  thickness  of  its 
respective  cover-plate  would  be  of 
the  whole  required  (aggregate)  thicknesses  of  cover-plates. 

There  would  be  no  sense  in  such  an  arrangement  however.  It 
would  produce  all  sorts  of  unequal  stresses,  in  shearing,  bearing, 
cross-breaking,  etc.,  and  should  be  avoided.  Riveted  work  at  best  is 
very  theoretical,  as  the  calculations  depend  entirely  upon  the 
accuracy  and  fit  of  each  rivet.  If  a  single  rivet  fails  to  do  its  share, 
it  will  at  once  disarrange  all  the  strains  and  produce  unequal  stresses 
in  different  parts.  Still  if  the  above  rules  are  followed,  riveted 
work  can  be  used  with  perfect  safety.  Where  the  result  gives  a 
fraction,  a  whole  rivet  should  as  a  rule  be  used  in  place  of  the  frac- 
tion. If  the  necessary  spacing  requires  still  more  rivets,  they  can 
either  be  used,  or,  all  the  rivets  can  be  reduced  in  size  enough  to 
bring  them  nearer  to  the  allowable  stresses. 

No  account  has  been  taken  of  the  loss  due  to  punching,  for  this 
will  affect  the  plate  in  tension  mainly,  and  the  safe  stresses  allowed 
for  tension  are  very  low.  In  compression  the  metal  would  not  be 
strained  as  heavily  as  in  tension,  for  the  rivets  will  not  weaken  the 
plate  so  much  if  they  entirely  fill  the  holes,  thus  giving  full  bearing 
on  the  entire  plate.     Then,  too,  the  butt  joint  if  planed  and  carefully 
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made  and  joined,  Avill  transfei*  directly  more  or  less  of  the  compres- 
sion. 

But  in  all  good  work  it  is  customary  to  place  no  reliance  whatever 
on  the  butt,  and  to  calculate  in  compression  the  same 

No  reliance  on    as  for   tension,  namely,   sufficient   net  area  in  each 
butt.     ,  .  ,  .  .        ,  ,    , 

plate,  at   its  weakest   section,  to   resist   the   whole 

compression  strain. 

Tables  XXXV  to  XL  inclusive,  have  been  calculated  and  laid  out 

to  save  most  of  the  wearisome  figuring  necessary  in  riveted  work  and 

in  connection  with  pins.      The  first  three  give  the 

Explanation  of    ij^aring  value  of  pins  and  rivets  against  eye-bars  or 

T3dI©S«  lit"  • 

plates,  and  the  latter  three  the  values  in  tension, 
single  and  double  shearing  and  in  cross-breaking  of  pins  and  rivets. 
All  the  tables  are  laid  out  for  both  steel  and  wrought-iron. 

The  full  heavy  straight  lines  in  Tables  XXXV,  XXXVI  and 
XXXVII  represent  the  thicknesses  of  plates  or  eye-bars  against 
Tables  xxxv  which  the  different  sizes  of  rivets  or  pins  bear, 
xxxvi,  xxxvii.  The  thicknesses  given  are  from  ^"  to  1^"  in  Table 
XXXV  and  from  \"  to  2"  in  Tables  XXXVI  and  XXXVII ;  all 
by  Jg".  For  thicker  plates  or  eye-bars  it  will  only  be  necessary  to 
increase  the  bearing  value  found,  in  proportion  to  extra  thickness. 

The  columns  to  the  left  give  the  diameters  of  pins  and  rivets,  run- 
ning in  Table  XXXV  from  \  inch  diameter  (by  ^^^  inch)  to  1  inch 
diameter ;  in  Table  XXXVI  from  1  inch  diameter  (by  ^^  inch)  to  3 
inches  diameter  ;  and  in  Table  XXXVII  from  3  inches  diameter 
(by  ^  inch)  to  G  inches  diameter.  The  figures  at  the  tops  of  these 
tables  give  the  bearing  values  in  pounds  for  wrought-iron,  and  those 
along  the  bottoms,  the  bearing  values  in  pounds  for  average  steel. 

The  full  heavy  curved  lines  in  Tables  XXXVIII,  XXXIX  and 

XL  give  the  single  and  double  shearing  values  for  the  same  sized 

pins  and  rivets  as  in  the  previous  three  tables. 

_   ^,  ...  The  additional  vertical  columns  to  the  left  in  these 

Tables   XXXVIII, 

xxxix,  xl.  tables  give  the  areas  of  cross  sections  in  scjuare 
inches,  of  the  different  sized  jjins  and  rivets,  which  multiplied  by 
ten  give  their  weights  in  pounds  per  yard  of  length  for  wrought-iron, 
(for  steel  add  2  per  cent  to  the  weight  of  wrought-iron).  There  are 
also  full  heavy  curve  lines  giving  the  strength,  in  tension,  of  tie-rods 
of  same  diameter  as  pins  or  rivets.  The  values  selected  for  these 
curves  are  those  always  used  by  the  writer  in  calculating  j)ins,  rivets 
or  tie-rods. 
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It  sometimes  becomes  desirable,  in  temporary  work  to  use  higher 

vaUies,  or  in  very  important  permanent  structures 

For  different        with  moving;  loads  to  use  lower  vahies.     But  even  in 
values.  ° 

such  cases  the  tables  can  be  used,  for,  as  all  of  these 

curves  are  directly  dependent  on  the  area  (or  double  area),  of  cross 
section  of  the  rivet  or  pin,  they  can,  of  course,  be  used  interchange- 
ably.     That  is,  any  one  who  wishes    to   figure   the    safe    shearing 


(f) 


-^  I  for  steel  as  =  15000  pounds,  instead  of  10000  pounds,  can  take 

the  curve  marked  "  15000  pounds  —  tension  steel,"  in  any  of  the  three 
tables. 

Or,  if  he  wishes  to  figure  his  iron  at  only  10000  pounds  safe  stress 

for  tension,  that  is  (  — ^  j  =  10000  pounds,  he  will,  instead  of  using 

the  curve  marked  "  12000  pounds  —  tension  wrought-iron,"  take  the 
curve  marked  "  10000  pounds  —  single  shear  steel." 

The  writer,  however,  always  sticks  to  the  one  set  of  values  for  ten- 
sion, and  for  pins  and  rivets  to  those  given  in  tables  (also  after 
Formula  115),  as  they  are  certainly  safe  values,  and  yet  not  low 
enough  to  make  the  work  excessively  costly.  Iron  contractors  will 
frequently  quote  oif-hand  ojiinions  of  celebrated  engineers  saying 
these  values  are  much  too  low  and  thus  backing  up  their  economical 
tendencies  in  trying  to  add  lightness  (and  beauty)  to  roof  trusses  and 
plate  girders,  but  as  a  rule  the  opinions  are  either  not  authentic,  or 
else  it  is  found  that  the  celebrated  engineer,  when  delivering  the 
opinion,  had  a  similar  axe  to  grind,  as  had  the  contractor.  Good 
engineers  as  well  as  good  architects,  will  attempt  to  save  their  clients 
all  they  can,  but  hardly  at  the  risk  of  taking  chances  in  their  most 
important  constructive  works.  The  figures  along  the  tops  of  Tables 
XXXVIII  to  XL  give  the  values  of  either  iron  or  steel,  according, 
of  course,  to  which  curve  is  used. 

The  dotted  curved  lines  in  the  Tables  XXXVIII  to  XL  give  the 

safe  bending-moments  for  iron    and   steel  pins  and 

Curve  of  Bend-    j.jyg^g    ^^^  fgj.    these  the   lower  horizontal  lines    of 
ing-moment.  ' 

figures  are  used. 

The  use  of    the    tables  is    simple,    similar  to  the 

How  to  use  other  tables  with  curves.     Thus  if  we  have  a|"  steel 

Tables.  rr>  1  1 

rivet  bearing  against  a  ^g     steel  plate,  we  use  lable 

XXXV  and  pass  horizontally  to  the  right  from  the  vertical  figure  (or 
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diameter  marked)  f "  till  we  strike  the  (fourth)  slanting  full  bearing 
line,  marked  ^"g".  This  is  one-third  way  between 
Bearing  Values,  ^j^g  vertical  lines  marked  {below  for  steel)  4000  and 
the  next  vertical  unmarked  line  to  the  right;  as  each  vertical  space 
at  the  bottom  (steel)  evidently  is  one-fourth  of  a  thousand  or  250 
pounds,  a  third  space  will,  of  course,  be  83  pounds,  or  a  ^"  steel  rivet 
bearing  against  a  ^-^"  steel  jilate  will  resist  safely  4083  pounds.  Had 
we  calculated  arithmetically  we  should  have  had 

|.  ^■'g.  15000  =4101  pounds. 

Had  the  rivet  and  plate  been  of  wrought-iron  we  should  have  used 
the  upper  line  of  figures ;  here  the  intersection  is  one-third  way  be- 
tween the  second  and  third  unmarked  lines  after  3000;  as  there  are 
five  spaces  above  between  each  thousand,  each  space  evidently 
represents  one-fifth  of  a  1000  or  200  pounds  for  iron,  so  that  the 
bearing  value  for  a  f"  iron  rivet  against  a  ^'^g"  iron  plate  would  be 
3000 -f- 200 -f  1.200  =  3 2G  7  pounds.  By  calculation  we  should 
have  had  -|.  ^'g.  12000  =  3281  pounds. 

The    single   shearing  value  of   a  |"  steel  rivet  at  (^)  =  10000 

pounds  would  be  =  306  7  pounds  ;  for,  the  horizontal  line  -I"  in  Table 
XXXVIII  strikes  the  single  shearing  curve  for  steel 
Shearing^^^^^^  about  one-third  way  between  vertical  line  marked  at 
the  top  3000  and  the  next  unmarked  line  to  the  right. 
Each  space  evidently  represents  200  ])0unds,  so  that  we  should  have 
for  the  steel  |"  rivet  in  single  shear  3000 -[- A.  200^306  7  pounds. 
By  arithmetical  calculation  we  should  have  had  the  area  of  a  |"  circle 
multiplied  by  10000  pounds  or 

0,30G8.  10000  =  30G8  pounds. 

The  double  shearing  value  of  a  -|"  rivet  would  be  double  this,  or 
=  0136  pounds,  and  this  is  confirmed  by  the  Table  (XXXVIII),  as 
the  horizontal  line  |"  strikes  the  double  shearing  curve  for  steel 
20000  pounds  about  two-thirds  way  between  vertical  line  marked 
above  GOOD  and  its  next  unmarked  line  to  the  right,  or 

6000  -|-  f .  200  =  G 1 34  pounds. 

For  the  safe  bcnding-moment  we  find  the  horizontal  line  |"  strikes 
dotted  curved  line  marked  "  safe  bending-moment  on  steel  at  IsoOO 
pounds"  on  the  second  vertical  unmarked  line  to  the  left  of  the  one 
marked  at  the  liottom  500;  eacli  space  below  is  evidently  2o  pounds, 
and  as  they  increase  to  the  left  we  must  add    the   two    sjiaces,    or 
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500 -j- 40=^  540  pounds,  which  would  be  the  safe  bending-raoment  on 

a  I"  steel  rivet  or  pin. 

Or  to  illustrate  further  take  the  last  Example  (///)•     We  had  a 

_      ..  1"  steel  plate  and  1"  steel  rivet.      The  actual  bend- 

Bending-  » 

moment  Curve,  ing-moment  we  found  was 
M.  Z_  135000. 1  _  jgg-.- 
"8  8 

From  Table  XXXVIII  we  see  that  the  safe  bending-moment  on  a 
1"  steel  rivet  is  the  intersection  of  horizontal  line  1"  being  one-third 
way  between  third  and  fourth  vertical  unmarked  lines  to  the  left  of 
1700  =  1 700  +  3  J.  20  =  1 76  7  pounds-inch. 

Dividing  the  actual  bending-moment  at  the  joint  16875  pounds- 
inch,  by  the  safe  bending-moment  on  each  rivet,  will,  of  course,  give 
the  number  of  rivets  required,  or 
16875       „  .^ 
1767  ' 

being  the  same  result  as  before,  namely,  10  rivets.    Take  Example  II, 
we  had  the  same  rivet,  plate  and  strain,  but  there  was  but  one  cover- 
plate  and  the  rivet  was  practically  a  cantilever. 
The  bending-moment  was 

XI.  I       135000.1        no-AA  1    •     1 

— —  =: =  62o00  pounds-inch. 

This  divided  by  the  safe  bending-moment  on  each  rivet  (1767 
pounds-inch)  as  found  in  Table  XXXVIII  gives  the  number  of  rivets 

required,  or 

62500       „.  ,  ,    f 

=  3o,4  or  same  as  beiore. 

1767  ' 

The  use  of  Tables  for  pins  or  tie-rods,  is,  of  course,  exactly  similar 

to  use  for  rivets,  as  already  described. 

Bearing  on  pins.     For  instance,  we  have  a  2"  pin  bearing  against  a 

1^  inch  thick  eye-bar  or  head  of  a  tie-rod.     We  use  Table  XXXVI, 

the  2  inch  horizontal  line,  strikes  the  full  slanting  line  marked  1| 

inch  exactly  on  one  of  the  vertical  lines.     If  both  pin  and  eye-bar 

are  wrought-iron  —  (or  if  either  were  wrought-iron  we  should  use  the 

smaller  value)  — we  use  the  top  line  of  figures,  or  we  find  our  vertical 

line  the  third  to  the  right  of   24000  and  as   each   space  evidently 

represents    1000  pounds,  the  safe  bearing  value  of  our  2  inch  pin 

against  a  1^  inch  thick  eye-bar  would  be  27000  pounds,  if  one  or  both 

are  of  wrought-iron.      Had  both  pin  and  eye-bar  been  of  steel,  we 

should   have    used    the    bottom    line    of   figures,  where   each    space 
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evidently  represents  1250  pounds,  and  we  should  have  had    33750 

pounds. 

The  safe  shearing  value  for  a  2  inch  wrought-iron 

Shearing  of  ,-,;„    would  be  from  Table  XXXIX=  25000  pounds. 

Pins.  ,.  ,  T 

and  for  steel  31670  pounds. 

By  calculation  we  should  have  had  for  iron  ^25133  pounds  and 

for  steel  =  31416  pounds. 

If  we  had  a  2  inch  circular  tie-rod  its  strength  in 

Tension  on  tension  from  Table  XXXIX  would  be,  if  of  wrought- 

Rods. 

iron  r=  37600  pounds  and  if  of  steel  ^47000  pounds. 

By  calculation  we  should  have  had  for  iron  =  37752  pounds  and  for 

steel  ^47190  pounds. 

Pins  are  calculated  similarly  to  rivets.     The  same  formulae  can  be 

used  for  bearing  area  (109)  A  being  the  thickness  of 

Calculation  of    j^     j    £  eve-bar,  in  inches,  and  for  single  shear  (110) 
Pins.  •'  '  '  °  ^        ■' 

and  double  shear  (111). 

For  bending  where  there  are  but  two  eye-bars  or  rods,  each  pull- 
ing in  opposite  directions,  Formula  (112)  could  be  used  ;  using  for 
h  the  thickness,  in  inches,  of  either  rod  ;  where  there  are  two  eye- 
bars  or  rods  pulling  in  one  direction  with  only  one  between  them 
pulling  in  the  opposite  direction  Formula  (113)  might  be  used  ;  h  in 
this  case  being  the  thickness,  in  inches,  of  the  large  (central)  single 
rod,  and  twice  the  thickness  of  either  of  the  smaller  rods.  In  all  of 
the  formulae  x  should  be=  1. 

As  a  rule,  however,  there  are  several  rods  at  each  pin-connected 

joint,  and  the  bending-moment  has  to  be  carefully  calculated  for  each 

special  case.     In  designing  j)in-joints  this  should  be  borne  in  mind, 

and  the  pieces  with  largest  strains  brought  as  closely  together,  as 

possible,  to  avoid  excessive  bending-nioments,  which 

Designing  Pin-    ^^m  j-gjuiire  very  larfje  pins,  and   necessitate   large 
joint.  1  J  a     I        '  c 

eyes  and  heads  to  the  rods  and  bars,  which  means, 
of  course,  very  great  expense ;  pin-connections  for  small  trusses  are 
more   expensive   than   riveted   joints ;    for   large   trusses    they  are 

cheaper.  They  are  very  much  better  in  both  cases, 
Pin-Jolntbest.  ^^^^^^  easy  to  transjwrt  and  erect,  and  agree  much 
nearer  with  the  theoretical  calculation,  which  assumes  that  all 
members  around  a  joint  are  free  to  move,  and  not  rigid,  as  is  the 
case  in  riveted  trusses.  Then,  too,  in  case  of  any  movement  in 
the  truss,  it  can  be  readily  adjusted  Vjy  means  of  nuts,  swivel-links, 
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sleeve-nuts,  etc.  This  cannot  be  done  in  a  riveted  truss,  as  the 
joints  not  being  flexible,  the  tightening  of  any  one  part  might  throw 
strains  on  some  joint  not  able  to  bear  it. 


In  calculating  a  pin-joint,  the  strength  of  pin,  as  a  rule,  should 
be  calculated  in  the  several  lines  or  directions  in  which  it  is  being 
strained,  that  is  first  along  the  line  of  one  rod,  then  along  the  line 
of  another  rod  (or  compression  piece)  and  so  on.     In 
reduced  to         doing  this  all  the  other  strains  must  be  projected  (and 
same  line.  reduced)  to  the  same  line.     If  this  is  correctly  done, 

it  will  be  found  in  every  case,  that  the  sum  of  all  the  strains  acting 
in  one  direction  along  this  line  will  be  equal  to  the  sum  of  all  act- 
ing in  the  opposite  direction  along  the  line.  Thus  in  Figure  177  we 
have  the  end  elevation  of  a  pin  A  strained  by  three  forces  in  tension 
B,  C  and  D  and  one  force  in  compression  E. 

We  will  first  examine  the  pin  along  the  line  A  C.  Make,  at  any 
convenient  scale,  the  lines  .1  C,  A  B,  A  D  and  A  E,  each  in  length 
just  equal  to  the  amount  of  strain  they  are  subjected  to.  Project 
them  all  on  to  .4  C,  then  will  A  h  represent  the  resultant  or  equiva- 
lent of  strain  A  B  along  the  line  and  in  the  direction  A  C. 
Similarly  A  d  will  be  the  resultant  oi  A  D  along  the  line  of  A  C, 
but  it  will  be  in  the  opposite  direction;  e  A  will  be  the  resultant  of 
E  A  along  the  line  A  C,  but  it  will  be  noticed  that  though  on  the 
opposite  siae  of  the  pin  it  is  in  the  same  direction  as  A  C. 
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Were  we  to  examine  the  pin  along  the  line  A  D,  we  should  have 
the  strain  of  ^  D  in  one  direction  and  in  the  opposite  directions  the 
resultant  strains  A  c\  and  .4  />,.  It  will  be  noticed  that  E  A  has  no 
resultant  along  the  line  A  D,  being  normal  to  it ;  and  it  need  not  be 
considered,  when  calculating  the  pin  along  the  line  A  D.  We  might 
still  calculate  the  pin  along  the  line  A  E ;  we  should  then  have  the 
strain  E  A  in  one  direction  and  in  addition  thereto  the  resultant  of 
A  C ;  in  the  opposite  direction  we  should  have  the  resultant  of  A  B. 
The  largest  strain  ^4  D  has  no  resultant  along  the  line  A  E.  It  is 
evident,  however,  that  all  of  these  resultants  will  be  very  small  as 
compared  to  those  along  the  other  lines,  and  therefore  need  not  be 
calculated. 

In  Figure  178  we  have  a  plan  of  the  pin,  showing  in  plan  the 

strains  and  resultants  acting  along  the  line  A  C.      As  arranged  in 

this  figure  the  pin  evidently  becomes  a  double-ended 

Arrangement      cantilever,  supported  at  the  fulcrum  d,  and  loaded 
of  Heads.  '       i  i 

on  one  free  end  with  the  load  c  and  on  the  other  free 

end  with  two  loads  h  and  e. 

If  the  strains  were  small,  this  would  probably  be  the  most  econom- 
ical arrangement,  as  A  D  could  then  be  made  in  one  piece.  But  if 
the  strains  were  heavy  it  would  require  a  tremendous  pin. 

In  the  latter  case  the  arrangement  shown  in  Figure  179  would  be 

better.     Here  the  pin  becomes  a  beam,  supported  at  both  ends  by  - 

(or  one-half  of  the  force  A  D)  ;  the  beam  carries  three  loads  c,  e  and 
b.  In  this  case  A  D  would  be  made  up  of  two  rods,  separated. 
The  forces  c,  e  and  h  must  be  so  distributed  as  to  make  the  least 


FIG.  179. 


-vb. 


bending-monient  on  tlie  beam  or  ]iin,  that  is,  the  larger  ones  jtlaced 
nearer  the  su|)])orts  or  outer  edges,  and  the  smaller  ones  lu  the 
centre.      Fre(iuently  it  would  1)6  more  economical  to  divide  c  the 
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larger  force  into  two  halves    and  place  them  immediately  next  to 

-.     The  small  force  e  is  frequently  put  on  the  outside,  as  it  is  not 

sufficient  to  affect  the  beam  or  pin  seriously  and  only  enlarges  the 

span  of  beam,  that  is,  length  of  pin  or  distance  between  supports  - 

thus  greatly  increasing  the  bending-moment.      This  arrangement  is 
shown  in  Figure  180.     Here  we  have  a  beam  supported  at  two  points 

^with  a  free  end  carrying  load  e;  the  beam  being  loaded  with  three 
loads,  two  each=- and  one  =  &. 

To  calculate  the  bending-moment  at  any  point  of  this  pin  we  have 
to  consider  the  end  of  pin  farthest  from  e  as  built  in 
symmetrical      solidly  (and  after  getting  reactions)  we  should  multi- 
Strains,  pjj,  ^  j^jjg  forces  to  the  right  or  left  of  the  point 
into  their  distances  from  the  point.      If  we  select  the  forces  on  the 
right  we  deduct  the  sum  of  the  moments  of  those  (right  hand  forces) 
acting  in  one  direction  from  the  sum  of  the  moments  of  those  (right 
hand  forces)  acting  in  the  opposite  direction,  the  difference  will  be 
the  bending-moment  at  the  point.     To  check  the  calculation  we  take 
all  the  forces  on  the  left  side  of  the  point.      But  the  reactions  will 

not  be  -  each  as  shown  in  the  table  unless  e  were  divided  and  one- 

2 
half  put  at  each  end  of  pin. 

In  every  case  of  pin  calculation,  excepting  where  the  forces  form 
simple  beams,  as  in  Figure  179,  the  forces  are  sup- 
through  Cen-    posed   to   act   through   their   central   axes,  that   is 
tral  Axes.  through  a  line  drawn  at  half  the  thickness  of  their 

heads  and  at  right  angles  to  the  pin.       The  heads  are  frequently 

thickened  up,  that  is,  made  thicker 

2 


-J^. 


than  the  rod  or  flat  bar,  in  order 
to  get  the  necessary  bearing  sur- 
face on  the  pin,  but  it  will  be  readily 
seen  that  this  lengthens  the  pin 
greatly,  thus  largely  increasing  the 
bending-moments.  It  is  better,  as 
a  rule,  to  get   the   extra  bearing 


FIG  ISO-       gnrface  by  dividing  the  rod  or  flat 
bar  into   two  or  more  parts  and  then   distributing  them  along  the 
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pin  symmetrically  and  at  the  most  favorable  points  to  avoid  bending- 
moment. 

If  the  pin  is  arranged  as  shown  in  Figure  180  and 
arranged  Un-    we  call  the  different  lengths  along  the  pin,  as  shown, 
symmetrically.   ^^  ^^  ^^^  ;_^  ^j^g  reaction  nearest  e  will  be 

— 2~  ^  t; 

and  the  further  reaction  will  be 

In  practice,  however,  e  would  probably  be  so  small  and  the  con- 
venience so  great  in  making  the  two  bars  ~  alike,  that  the  unequal 

stresses  caused  by  e  in  the  two  ^  would     probably    be    overlooked. 
But  in  calculating  the  bending-moment  on  pin,  they  will  have  to  be 


xu 


2 


^ 


y 


p 


considered  as  unequal,  otherwise, 
the  bending-moments  calculated 
from  the  right  hand  or  left  hand 
of  any  point  would  not  agree. 

To  put  the  above  in  formulae  we 
should  have  the  following  : 

If  a  pin  p  q  h  strained  by  a 
number  of  forces  x„  x,,,  etc.,  in 
one  direction,  the  forces  /)  and  q 
in  the  opposite  direction  will  equal 
the  reactions  of  a  beam,  see 
Formula?  (14,  15,  16  and  17). 


FIG.  181  . 

If  a  single  force  y  is  placed  beyond  one  of  these  resisting  forces 
(say  q  Figure  181)  the  additional  reaction  on  the  nearer  force  (q) 
will  be 

(116) 


Nearer  Reaction  ^ -—I    _  y 
Force.  ^'         '^  /," '' 

and  on  the  further  force 
Further  p,=-\':y 


(117) 


Reaction  Force.'"'  / 

or,  w(;  must  ad.l  q,  to  q  and  substractp,  from;?  to  get  the  real  strains 

or  reactions  in  the  tie-rods  p  and  q. 

Where  7,  =  the  strain,  in  pounds  to  be  added  to  nearer  strain  </ 
owing  to  force  y  being  placed  on  the  (7)  nearer  free  end  of  pin. 
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Where  !>,  =  the  strain,  in  pounds,  to  be  deducted  from  further 
strain  p  owing  to  force  y  being  placed  on  the  other  further  free  end 
of  pin. 

Where  q  =  the  force  (reaction)  at  7,  in  pounds,  resisting  the 
forces  x„  .r„,  etc.,  (see  Formuh^  14,  15,  16  and  17)  and  to  which  q, 
must  be  adcU^d. 

Where  p  =  the  force  (reaction)  at  p,  in  pounds,  resisting  the 
forces  a:,,  x„,  etc.,  (see  Formula;  14,  15,  16  and  17)  and  from  which 
j9,  must  be  deducted. 

Where  x,,  x„  =  the  forces,  in  pounds,  acting  in  opposite  direction 

toj9  and  q,  and  all  projected  to  line^  and  q  as  shown  in  Figure  177. 

Where  I,  Z„  l,„  =  the  respective   lengths,  or  distances,  in  inches, 

measured  along  pin,  from  centre  lines  to  centre  lines  of  respective 

pins,    as  shown  in  Figure  181. 

As  the  forces  x,,  x,,,  etc.,  should  always,  if  possible,  be  located 
along  pin  to  make  the  resisting  forces  p  and  q  even,  which  is  done 
by  putting  the  smallest  force  (x,,,)  in  the  middle  and  dividing  the 
others,  we  should  have,  ivhere  this  is  the  case: 

Nearer  Reaction     ^_^^i^_,  „  (118) 

Force.  ^  2  'i 

Further  2 .  x  _  /„  /jig) 

Reaction  Force.  ^  •>  /, 

Where  Sx^the  sum  of  all  the  opposing  forces  (a;„a;„,  x„„ 
etc.,)  to  and  between  p  and  q,  in  pounds,  provided  that  they  are 
divided  and  the  halves  or  fractions  located  symmetrically  with 
respect  .to;)  and  q. 

Where;j  =  the  total  resisting  force  (reaction),  in  pounds,  or 
strain  on  />,  the  reaction  furthest  from  free  end. 

Where  7=:  the  total  resisting  force  (reaction),  in  ])Ounds,  or 
strain  on  q,  the  reaction  next  to  free  end. 

AVhere /,/„/',„  and  y  =  same  as  in  Formula;  (116  and  117);  of 
course,  all  the  forces  must  be  projected  to  one  line  as  shown  in 
Figure  177. 

If  one  of  the  forces,  z„  x,„  etc.,  were  =  ^  and  were  placed  to  the 
left  of  j)  (Figure  181)  the  forces  7?  and  q  would  be  equal  and  each  = 
one-half  of  the  sum  of  all  the  other  opposing  forces,  provided  always 
that  the  forces  .t„  x,,,  etc.,  are  symmetrically  located  in  respect  to  p 
and  q.  Where  there  are  a  number  of  forces  on  both  sides  of  pin, 
the  pin  might  be  treated  as  a  continuous  girder  (see  Table  XVII, 
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Volume  T),  but  the  calculation  would  become  very  difficult  and  the 
parts  of  all  rods  (or  compression  piece)  acting  in  the  same  lines  and 
direction  would  become  very  irregular. 

It  is  customary,  therefore,  to  locate  the  forces  along  the  pin  sym- 
metrically, regardless  of  their  true  resistances  as 
Symmetrically.  ^^^^'-^  would  be  if  treated  as  continuous  girders,  and 
to  consider,  that  each  takes  its  proportionate  load 
(according  to  the  thickness  of  its  head)  of  the  whole  load  along  itS' 
respective  line  and  dii-ection.  In  each  case  it  will  recpiire  special 
study  to  obtain  the  most  economical  arrangement. 

An  example  will  more  fully  illustrate  the  method  of  calculating 
pins. 

Examjde  IV, 

The  joint  A  of  a  pin-connected  icrought-iron  truss 

^^^V\n^\o°nt?^     '■'  •''■"""''"''^   %  '^'e  following  members:     The   tie-rod 

7>  =  — 28000    pounds:    the   tie-rod   C  =  —  70000 

pounds;    the  strut    Z)  =  -)- 20000  pounds;    and  the  tie-rod  E  =  — 

88000 ^ou/i(/.5.     Alias  shown  in  Figure  182;   design  the  Joint. 

We  will  assume  that  for  certain  reasons  we  wish  to  use  a  2|" 
diameter  pin.  Now  the  first  thing  to  do  is  to  settle  the  thickness  of 
the  (eye)  heads.  These,  of  course,  must  have  suiFicient  bearing 
against  pins  not  to  crush  the  pin  or  be  crushed  by  it.  We  use  there- 
fore the  following:  formula  : 


Thickness  of         t  — 


(120) 


Heads.  ^j^f^c^^ 

Where  t  =  the  necessary  thickness  of  eve-bar  head,  in  inches. 
Where  .s  =  the  strain  on  each  eye-bar,  in  pounds. 
Where  J=the  diameter  of  pin,  in  inches. 

Where  (      ,  j  =  the  safe-compression  stress,  per  sipiare  inch,  of 

the  material  of  eye-bar  or  j)in  (wliichevcr  is  the  weaker  in  rcsistino' 

crushing  should  be  used.) 

Accordingly  we  should  have  for  thickness  of  the  dlilcrcnt  eve-bar 

heads  in  our  exanij)lc  the  f(jllowing  : 

.   r,  28000  .,  „-  ,„ 

A  B= =  0,8y  or  sav  J  ' 

2f.  12000  •    ^ 

A  C=  -  =  2,1  2  or  sav  2 

2^.12000 
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DA 

AE= 


20000 

2f. 12000 

88000 


=  0,6  or  say  |" 
^  2,6  7  or  say  2f" 


21.12000 

4 

The  values  for  above  thicknesses  have  been   rather  too  broadly 
rounded  off,  but  this  is  done  to  simplify  the  subsequent  calculations. 


SCALE  or  POUMDS 
FIG.  IBZ. 


Had  we  used  Table  XXXVI  we  should  have  had  the  same  results. 
For  A  B  (28000  pounds)  the  horizontal  line  2|"  and 

Thickness  by       vertical  line  28000   (from  ahnve  for  iron)  meet  be- 
Table XXXVI.  ,        .        ,.         io„        ,  ,,,    f 

tween  the  heavy  bearing  hnes  |f  and  §  ,  tor  con- 
venience, however,  we  will  call  it|"  though  this  should  not,  of  course, 
be  done  in  a  real  calculation. 

For  A  C  (70000  pounds)  horizontal   line   2|"  and  vertical   line 
70000  from  above  (the  second  to  the  right  of  68000)  meet  just  be- 
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yond  the  2"  heavy  bearing  Hne.  It  should  bi',  therefore,  a  little  over 
2"  thick,  but  we  will  call  it  even  2". 

For  D  A  (20000  pounds)  the  horizontal  line  2|"  and  vertical  Hne 
20000  from  above,  meet  between  heavy  bearing  lines  ^^"  and  g",  we 
will  call  it  I". 

To  find  A  E  (88000  pounds)  which  is  larger  than  A  C,  we  shall 
evidently  have  to  divide  it  in  halves,  and,  of  course,  double  the 
result.  We  find  that  horizontal  line  2|"  and  vertical  line  44000 
from  above,  meet  between  the  heavy  bearing  lines  lyV'  ^"'^  ■'■I  ">  o^' 
we  will  say  If";  this  doubled  or  22"  is  the  required  thickness  there- 
fore, for  head  A  E. 

Of  course,  if  we  use  more  tlian  one  bar  for  either  of  the  strains  we 
will  divide  the  required  thickness  of  head  accordingly.  Thus,  if 
we  decide  to  use  two  bars  along  the  line  A  C,  each  would  be  strained 
=:  —  ^—  "=  35000   pounds,  and  the  thickness  of  head  required  for 

9  12 

each  would  be  only  =  ^^^—~  =z  1,06  or  say  1". 

Now  to  arrange  the  different  heads  along  the  jiin,  we  first  lay  off 

along  each  line   (Figure  182)  the  amount  of  strain 
Arrangements  •  n  i  i   x         i  .  i 

of  Haads along  (measurmg  all  at  the  same  scale)  and  project  these 

'"■  strains   on    to   the    different    lines.       We   measure 

these  projections  and  have  along  the  line  .1  B  the  strain  A  B^  28000 

pounds  pulling  to  the  right ;  the  projection  of  -1  C'=  34500  pounds 

E =75500 

■D=8500 
E=   73500. 


B>28000 

FIG   133 


D=11000. 
LIME     A.-B 


LTWE    JK-C 


V,'  14000 
C°  34500 


FIG-   164- 


also  j)ulling  to  the  right;  also  the  projection  oi  D  A  =:  11000  pounds 
pushing  to  the  right;  the  projection  of  A  K^  73500  pounds  pulling 
to  the  left,  thus  opposing  the  other  three.^ 

If  our  measurements  are  right  the  sum  of  the  forces  acting  in  one 


>  These  flgures  have  been  rounded  oif  to  siniijlify  the  calculations. 
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direction  along  line  A  B,  must  e(iual  tlie  sum  of  their  opponents,  or, 
A  B  -\-  A  C  -\-  D  A  =^  A  E  and  we  have  in  effect, 

28000  +  ;U500  +  1 1000  =  73500 

Tlie  strains  on  the  pin  along  line  A  B  are  shown  in  Figure  183. 
Those  along  line  A  C  are  shown  in  Figure  184  and  those  along  A  E 


E=68000 


"D=  xoooo 

B=  16000  t 


B=i4-ooo 


UKE  A-E. 
Y-lCr.   185 


LIME  J\'T> 


FIQ    16G 


0  =  64-000 

C=3600O. 

are  shown  in  Figure  185;  it  will  be  noticed  that  in  the  latter  case 
D  A  becomes  =  0.  In  Figure  186  are  shown  the  strains  along  D  A, 
in  this  case  A  E  becomes  =  0. 

As  the  largest  strain  in  one  direction  (88000  pounds)  is  along  line 

A  E,  we  will  select  Figure  185  to  design  the  joint 

largest  strain     and  when  we  have  settled  the  arrangement  of  heads 

^"^**'    along  the  pin  to  suit  these  strains,  we  will  see  how  it 

affects  the  pin  according  to  the  strains  along  the  other  lines. 

The  simplest  arrangement  of  the  parts  would  be  evidently  that 
shown  in  Figure  185.  We  will  first  consider  the  shearing.  The 
laro-est  shearing  strain  will  be  between  C  and  JEJand  will  be  =^  64000 
pounds.  From  Table  XL  we  find  for  wrought^iron,  single  shear  (at 
8000  pounds  per  scjuare  inch)  that  we  should  need  a  S^^^^"  diameter 
pin  to  resist  64000  pounds  single  shear  (as  each  of  the  vertical 
spaces  at  the  top  evidently  represent  10000  pounds),  we  must  pass 
down  vertically  not  quite  half-way  between  the  second  and  third 
Unes  to  the  right  of  50000,  till  we  strike  the  single  shear  iron  curve 
and  then  pass  along  the  horizontal  line  to  the  leftto 
Shearing  strain  find  diameter  of  pin,  which  is  between  3^"  and  ^\" 

too  great.  '  ^^.^^y^z^n^  Had  we  calculated  arithmetically  we 
should  have  had,  area  of  cross-section  rec^uired  from  Formula  (7) 

transposed 

64000       „  .     1 

a^ =  8  square  inches. 

8000 

By  referring  to  a  table  of  areas  of  circles,  or  by  calculation  we  find 
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tliat  for  an  area  of  cross-section  of  8  square  inches  vre  require  a 
diameter  of  3^^".  This  is  a  larger  pin  than  we  want  to  use  and 
besides  seems  a  very  large  pin  for  the  strains ;  it  is  evident,  there- 
fore, that  our  heads  are  badly  arranged  along  the  pin  ;  we  will 
decide,  therefore,  to  divide  the  rods  E  and  C  each  in  two  parts, 
making  each  head  one-half  the  thickness  as  above  found,  and  arrano-e 
them  as  shown  in  Fi^fure  187. 


E    4400Q. 


ii:' 


-Is. 


H- 


i& 


S--J 


FIG.  laz 


Now  the  safe  cross-shearing  on    our    pin    (2|")  for    single-shear 
would  be  from  Table  XXXIX  =  4 7600  jwunds,  we 
Table  XXXiX    V^^^    along   horizontal   line  2f    till  we   strike  iron 
single-shear  curve  and  then  pass  u])ward  about  four- 
fifths  way  between  the  third  and  fourth  vertical  lines  fo  the  right  of 
40000 ;    as  each  space  is  evidently  2000    pounds,  we    sliould    have 
40000 -[- 3^.2000  =  47600  pounds.      15y  calculation  we  should  have 
had  area  of  2|"  circle  =  5,939  square  inches,  therefore  safe  (single) 
cross-shearing  see  Formula  (7)  =5,939.8000  =  47512  i)ounds.     The 
greatest  cross-shearing  sti"iiu  on   the  pin  with  arrangciucnt  as  shown 
in  Figure  187  is  44000  pounds,  and  is  between   ihe  heads   7^  and  C 
(or  E,  and  C,),  so  that  we  neccl  not  feai*  shearing. 

The  shearing  area  of  pin  being  all  right  we  now  consider  ihc  bend- 
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ing-moment.       "We   have   marked  along  the   pin,   Figure    187,   the 
thicknesses   of   heads,  the    length   of   pin    required 

Bending-  beino-  54",  to  this  must  be  added  the  head  and  nut 

moment  on  pin.  a     2    ■> 

and  also  suHicient  for  strut  D  (|")  Avhich  we  remem- 
ber did  not  come  into  the  calculation  along  line  A  E  (Figure  182.) 

Immediately  under  the  pin,  Figure  187,  we  have  marked  the 
distances  from  centre  to  centre  of  heads,  which  are,  of  course,  the 
distances  we  consider  when  calculating  the  bending-moment. 
Accordingly  our  pin  becomes  a  circular  wrought-iron  beam  of  2|" 
diameter,  with  a  span  or  length  of  4^"  and  supported  at  both  ends 
by  forces  E  and  E,.  The  beam  is  loaded  with  the  forces  C,  C,  and 
B  as  shown  in  Figui-e  187. 

The  greatest  bending-moment  will  be  at  the  centre  (See  p.  51, 
Vol.  I),  and  will  be 

7712  =  44000.  (l-/s  +  I)  —  32000.|— 24000.0 
—  90750  —  28000  —  0 
=  62750  pounds-inch. 
This  will  be  much  more  than  the  pin  can  stand  for  we  have,  for 
the  safe  bending-moment  on  a  2|"  pin,  moment  of  resistance 

(Table  I,  Section  No.  7)  and  from  Formula  (18)  transposed,  the 
safe  bending-moment  on  pin 
771  =  2,042  .15000 

=  30630  pounds-inch 
or,  only  about  one-half  of  the  actual  bending-moment.  Had  we  used 
Table  XXXIX  instead  of  calculating  arithmetically 
m^"ment  from  we  should  have  passed  along  the  horizontal  line  2|" 
Table  XXXIX.  till  we  struck  the  dotted  bending-moment  curve  for 
wrought-iron  at  15000  pounds  and  then  passed  vertically  to  the 
bottom.  This  would  be  about  two-fifths  way  between  the  vertical 
lines  30000  and  the  first  one  to  its  right,  each  space  being  evidently 
1500  pounds,  this  would  mean  30600  pounds-inch  safe  bending- 
moment  on  a  2J"  pin. 

It  is  evident,  therefore,  that  we  must  re-arrange  the  rods,  trying 
to  get  the  span  between  loads  E  and  E,  shorter  if  possible. 

_  AYe    now  trv  the  arrangement   shown  in  Figure 

Try  new  .0  o 

arrangement.  188,  placing  load  B  at  one  end.  The  arm  end  B  of 
pin  now  becomes  a  lever  and  we  know  from  Formulaa  (118  and  119) 
that  the  reactionary  forces  E  and  -B,  can  no  longer  be  equal. 
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From  Formula  (118)  we  have 

E 

=  63555 
From  Formula  (110)  we  have 
^  _  32000 -1-32000 


32000  +  32000        4,^  , 
2  ^3#     " 


ii  6  .24000 
3# 


=  24445 
As  a  check  the  sum  of  the  two  should  ecjual  the  whole  strain  A  E 
and  we  have  in  effect  63555  -\-  24445  =  88000. 

This  arrangement  must  evidently  be  abandoned  as  a  bad  one,  for 
the  difference  in  the  strains  on  E  and  i?,  is  altogether  too  great  to 


E^44000 


E-  4-4000» 


lil 


-_l-5l    ' .^t 


.^^. 


.J' 


C=  32000 


FIG.  laa. 
be  overlooked.     Besides,  we  can  readily  see  that  the  moments  at  E 
and  C,  will  exceed  24504  j'ounds-inch,  the  safe  bending-moment  on 
this  sized  pin. 

For  practice,  however,  we  will  figure  out  the   bending-moments ; 
they  are  :  at  E 
(left  side)  nj^rzr  24000.  l^^  —  63555.0 

=  25500  poimds-inch. 
Check  (use  right  side) 

7ftK  =  32000.  •2{\  -f  32OU0.  1^\  —  24 4 4  5.3 1 
=  25500 
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At  C  we  sliould  have  : 

(Left  side)  m^—  63555.  l^^  —  24000.  2^ 

=  21472 
Check  (use  right  side) 

nic  —  24445.  2^"^  —  32000.  1 
=  21472 
At  C,  we  should  have : 
(left  side)  ?Hc,  =  63555.  2^^^  —  24000.  Si  —  32000. 1 

=  29027 
Check  (use  right  side) 

?«ci=  24445.  1  j3-  __  32000.  0 
=  29027 
Had  we  used  rule  given  on  ji.  51,  Vol.  I,  we  should  have  known 
that  the  greatest  bending-moment  was  at  C,.      In  applying  the  rule 
to  this  case  the  end  load  B  should  be  deducted  from   the    nearer 
reaction  to  B. 

We  might  next  try  dividing  the  force  B  in  two  halves  of  12000 
pounds  each,  (heads  |"  thick),  leaving  one  at  B  and  placing  the 
other  to  the  right  of  is,.  This  will  restore  equality  to  the  forces  E 
and  2?„  but  it  will  be  found  that  even  this  arrangement  will  not  do, 
as  the  bending-moment  at  C  or  C,  will  still  be  found  to  be  too  large, 
namely,  =  27500  pounds-inch. 

After  these  numerous  failures  it  is  evident  that  we  cannot  well 

arrange  the  heads  satisfactorily  along  the  pin,  unless 

Divide  large^st^    ^^.^  enlarge  the  pin,  or  else    divide   up    the   larger 

forces  which  cause  us  most  trouble.     We  decide  to 

do  the  latter  and  divide  A  E  into  four  parts  of  22000  pounds  each, 

with  heads  each  ~ —  ^  ■       tliick. 
4  16 

We  now  arrange  the  heads  as  shown  in  Figure  189.  The  correct 
way  to  calculate  the  bending-moment  would,  of  course,  be  to  consider 
the  pin  as  a  continuous  girder  running  over  four  supports.  This 
wouhl  make  E,  and  ii„  much  larger  than  E  and  ii,„.  Their  heads 
would  therefore  have  to  be  thickened  so  as  not  to  crush  the  pin,  or 
be  crushed  by  it.  It  can  readily  be  seen  that  Avere 
equalize  them-  we  to  do  this,  the  calculation  would  be  almost  inter- 
selves,  jj-jinable.  Besides,  practically,  it  would  be  expensive 
to  use  so  many  different  sizes  of  rods,  heads,  etc.  We  must,  there- 
fore, assume  that  all  the  forces  E,  E„  E,,  and  E,,,  are  equal.     This 
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they  will  be,  too,  foi*  as  soon  as  E^  and  7i„  tend  to  take  more  load, 
they  will  stretch  under  the  added  tension,  and  this  stretching  will 
bring  the  jjin  to  bear  more  heavily  on  the  ends  and  thus  the  strains 
will  even  themselves  up. 

The  bearing  of  these  heads  against  the  pin  we  know  are  all  right, 
also  the  shearing,  as  the  greatest  shearing  under  this  arrangement 


E=2.2.ooo. 


'22000. 


E  =2aooo. 


Ejjj=  22000. 


I  32. 


27 L^IA  - 

3a        I        32. 


_2  3 1 2T 

■    02     ~T-       32.' 


3Z      ^ 


C=  32000. 


B=24-000. 
riG  183. 


C  =32000. 


will  be  a  single  shear,  between  E  and  C  (or  E,,,  and  C,)  and  equal 
22000  pounds,  or  considerably  less  than  half  the  safe  single  shearing 
on  this  pin,  which  we  previously  found  to  be  48000  pounds. 

The  bending-moments  on  the  pin  will  now  be,  at  C : 
(Left  side) 

7nc  =  22000.f|  —  32000.0 
=  18563  pounds-inch. 
Check  (use  right  side) 

wjc  =  22000.  (  27  4-  ^l+JJZ  \  —  24000.f^  —  32000.3^ 

=  18563  pounds-inch. 
A^  E,  we  should  have  : 
(Left  side) 

7rtE,  =:  22000.||  —  32000.f| 

=  10125  pounds-inch. 
Check  (use  right  side) 

OTg,  =  22000.  f'^^—^  —  24000.23  _  .12000.^-1 
=  10125  jjounds-inch. 
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At  B  we  should  have  : 
(Either  side) 

m„  =  22000. 


(^^J=^^)-32000.M 


r=  18750  pounds-inch. 
At  the  ends,  of  course,  there  would  be  no  bending-moment,  for 
take  end  E  we  should  have  : 


22000 


.(l^i+l^M^)_32000.(liyi^^) 


=  0 


This  arrangement  (Figure  189)  is  therefore  satisfactory,  so  far  at 
least  as  the  strains  along  the  line  A  E  are  concerned. 

We  must  now  see  if  it  will   answer  as  Avell  for  the  strains  along 
the  other  lines  (See  Figure  182).     The  direction  we 

Examine  along    shall  now  have  to  fear  most,  will  be  along  the  line 
other  lines.  ,,,.,, 

D  A  for  force  D  must  be  placed  entirely  on  the  out- 
side edge  of  pin  (not  having  been  located  yet)  and  being  quite  large, 


E=0. 


c=iaooo  B=o. 


^%° 


32  J 


■  +  ■ 


FIG-.  130. 


r 


D=  lOOOO. 


B=  16000. 


27  _i,       27     _L_lii.^ 


D_?^IOOOO. 


20000  pounds,  may  make  us  some  trouble.  In  Figure  190  we  have 
drawn  the  forces  arranged  the  same  as  we  settled  on  last  (in  Figure 
189)  but  have  added  the  two  forces  on  the  extreme  ends  D  and  D, 

It  will  be  noticed  that  along  this 


each : 


^  ==10000  pounds. 


line  (DA  Figure  182)  the  forces  E  and  Care  in  the  same  direction. 
We  have  divided  D  into  two  parts  for  two  reasons.  Had  avc  placed 
it  entirely  to  one  side,  say  to  the  right  of  E,,„  the  distance  £„,  D, 
would  have  been  one-quarter  of  |"  larger  or  =r  |^"  ;  the  leverage  of 


STRAINS    ON    OTHER    LINES. 


99 


and  the  bendinsr- 


D.  therefore  at  C,  would  have  been  "^  ~r"  "    ^  H' 

32  ^ 

moment 

7«c.=  l|-  20000 

=  30000  pounds-inch,  too  much  for  our  pin. 
Besides  were  we  to  calculate  C  and  C,  by  Formuhe  (118  and  119) 
we  should  find  all  strain  on  C  removed  and  C,  more  than  doubled. 
This  evidently  would  not  do,  without  special  provision  to  meet  the 
unequal  strain  by  increasing  C„  which  would  lengthen  the  pin,  so 
that  we  prefer  to  divide  D  A,  making  each  head  of  half  the  thick- 
ness, or  ySg"  thick.  The  largest  shearing  will  be  between  D  and  C 
(or  i),  and  C,)  and  equal  10000  pounds  single  cross-shear  or  about 
\  only  of  the  safe  resistance  to  shearing. 

The  bending-moments  Avill  be  (Figure  190)  at  C. 
(Left  side) 

trie  =  ff.lOOOO  —  18000.0 
^13437  pounds-inch. 
Check  (right  side). 

771^  =  ^2^.10000  -f  If  .16000  —  Y2°-.18000 
=  13437  pounds-inch, 
and  at  B 
(Either  side) 

m^  =  If.lOOOO  —  If  .18000 
=  9375  i)ounds-inch. 
The  bearings,  of  course,  are  safe,  as  the  thickness  of  head  was  orio^i- 


^ 


•R-f — sr- 


_,i — |i_4._»4. 


4T_  , 5-T— *-  41 


nally  determined 
by  the  largest 
strain  on  each 
rod  along  its  own 
line.  So  that  we, 
are  all  right  with; 
our  pin  for  strains' 
D-  ssoo  along  line  D  A. 

^^'e     now    take 


ssSo  0l7230  B-ZOOOO  C-17t 

.FlCr    lol. 

up  the  Strains  on  the  ]iin  along  the  line  A  I',  Figiiri;  182    which  will 
be  as  shown  in  Figure  191. 

The  greatest  shearing-strain  here  will  l)e  caused  by  />',  ami  will  l)e 
a  double  sliear  of  28000  pounds,  or  14000  pounds  nn  cadi  area, 
perfectly  safe  on  our  size  of  j)in  {-^'')-     The  niomcnls  will  lie  : 
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AtE 

(Left  side) 

??ij,  =  ^.5500  — 18375.0 
^2750  pounds-inch. 
Check  (right  side) 

Toe  =  5500.1^0-  +  1 7250.  /""^  +  127\  _^  oSOOCji  — 

18375.  (5i  +  l|MLl£l) 

=  2750  pounds-inch. 
At  C: 
(Left  side) 

mc  =  1 83  75.|-|  —  5500.f| 

=  8113  pounds-inch. 
Check  (right  side) 

mc  =  1 83 75.  (^  "lii^^+lrl ^  _ 5500.-V/ —  1 7250.^2''- • 

2800O.ff 

=  8113  pounds-inch. 


D=4-E50E=]S875.        E  =  ia575. 


E  =18873. 


E=  15675  D =4^5  o. 


— \ T 

ja     y      52      ^ 


1  I 

I  I 


'  23 


C=35000. 


1  I 

3a        r    32.^ 


B=14:000. 


C=35O00. 

F1G-.  19  a. 


At  £", : 
(Left  side) 

?«E,  =  183  75.||  —  5500.|f  —  1 7250.-11 
=  4422  pounds-incli. 
Check  (riglit  side) 

771^,  =  18375.(''^A±_1^\  _  28000.||—  17250.|f  —  oSOO.lJ^ 

=  4422  pounds-inch. 
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AtB: 

(Either  side) 


=  18375. (?irhl")  -  17250.^  -  5500.ff 

=  14484  pounds-inch. 
So  that  the  arrangement  of  heads  along  pin  is  all  right  so  far  as 
strains  along  line  A  B  (Figure  182)  are  concerned. 

AVe  finally  examine  for  the  strains  along  line  A  C  and  have  strains 


FIG.  193. 


ilL 


SCALE  orPounDS 
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on  the  pin  accordingly  as  shown  in  Figure  192.     The  greatest  shear- 
ing here  will  be  between  E  and  C  (or  C,  and  E,„)  and  will  be 

=  4250+18875  =  23125  pounds, 
single  shear,  still,  less  than  one-half  of  the  safe  single-shear  on  the 
pin. 

By  calculation  the  moments  will  be  found  to  be  at  the  different 
points,  as  follows : 

tWk  =    21 25  pounds-inch. 

771^  =  21037  pounds-inch. 

Tny_,=  1  lfil7  pounds-inch. 

m„  =:  10648  pounds-inch. 
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So  that  this  arrangement  of  the  different  bars  and  strut  along  the 
pin  is  in  every  way  satisfactory. 

The     graphical     method    of     obtaining    bending- 
metho'd  more       moments  is  frequently  much  more  simple  than  the 
simple,   arithmetical  method ;  in  important  calculations  both 
should  be  used  so  as  to  check  each  other. 

All  the  rules  for  formulae  given  in  Chapter  VII  for  the  calculation 
of  transverse  strains  by  the  graphical  method  will  apply  equally  well 
for  pins ;  the  only  difference  will  be  that  where  there  are  more  than 
two  forces  on  each  side  of  the  pin,  the  base  line  of  the  polygonal 
fio-ure  between  i-eactionsj9  and  q  will  no  longer  be  straight,  but  will 
be  composed  of  several  lines. 

Thus,  if  we  take  the  pin  and  forces  shown  in  Figure  189,  we 
should  change  the  notation  to  that  adopted  for  the  graphical  method, 
which  would  be  as  shown  in  Figure  193.  That  is  force  E  (22000 
pounds)  of  Figure  189  would  be  known  as  A  B  in  Figure  193  ;  again 
force  C,  (32000  pounds)  of  Figure  189  would  be  called  force  E  F 
(7iot  FE)  in  Figure  193. 

solv  d       Proceeding  now  to  the  calculation,  we  lay  off  along 
graphically,  ^^^g  vertical  load  line  a  e,  the  following  forces  : 
ab  =  AB  =  22000  pounds. 
h  c  =  B  C  —  22000  pounds. 
c  d=  C  D  —  22000  pounds. 
d  e=zDE  —  22000  pounds, 
and  in  the  opposite  direction,  we  lay  off : 
ef=E  7^=32000  pounds. 
fg=zFG  =  24000  pounds. 
(ja=^GA  =  32000  pounds, 
which  will,  of  course,  bring  us  back  to  the  starting  point  o,  as  the 
opposing  forces  must  aggregate  the  same  sum. 

We  now  select  our  pole  o.  This  we  remember  can  be  arbitrarily 
located,  or  else  at  a  distance  o  c^f-jj;  in  our  case  we  will  make 

the  distance,  say,  12000  pounds. 

The  distance  (of  pole  from  load  line)  being  arbitrary  we  shall 
multiply  the  verticals  v  (inch-scale)  in  Figure  193, 
by  this  pole   distance   (pounds-scale)  to  obtain  the 

ben  ding-moments  at  the  points  of  pin  immediately  below  verticals. 

If  the  pole  distance  from  load  line  had  been  made  =  ^  ^  j,  then  the 
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length  of  verticals  v  measured  at  inch-scale  would  have  been  the 
required  moments  of  resistance  of  the  coi*responding  points  of  pin 

below  verticals  ;  and  each  respective  v  multiplied  by  (  ^  )  would  be 

the  bending-moment  at  each  point.      We  will,  however,  make  in  our 

case  the  pole  distance,  arbitrary,  viz:  c  o^  12000  pounds.     We  now 

begin  at  any  point  of  line  A  B  and  draw  A  I  parallel  h  o  till  it  inter- 

.    _,.  sects  B  C  at  //next  draw  I L  parallel  c  o  to  intersec- 

Strain  diagram.  i    ^  t^        7- 

tion  with  C  D  atL  ;  and  similarly  draw  L  E  parallel 

do;   i^ /v  parallel  0  e  ;   /C/ parallel  0/;   /iJ  parallel  0  ^  and  77  ^l 

parallel  0  a  ;  the  last  line  must  intersect  the  first  at  point  of  starting 

A  or  some  error  has  been  made. 

It  will  be  noticed  that  the  individual  outlines  oi  A  I L  E  KJHA 
cover  the  capital  letters  in  Figure  193,  corresponding  to  small  letters 
from  which  their  respective  jjarallel  lines  started  in  strain  diagram. 
Thus,  for  instance  A  I  covers  letter  B  and  is  parallel  to  bo; 
similarly  /  L  covers  C  and  is  parallel  to  c  0 ;  L  E  covers  D  and  is 
parallel  do;  K  J  covers  F  and  is  parallel  o/;  JH  covers  G  and 
is  parallel  o  g ;  similarly  we  can  consider  E  K  as  covering  E  and  it 
is  parallel  o  e  ;  and  H  A  as  covering  A  and  it  is  parallel  0  a. 

We  now  measure  the  verticals  through  the  figure  A  I L  E  KJHA, 
Curve  of  bend-     ^^e  longest,  of  course,  will  give  the  greatest  bending- 
ing-moments.  moment.     This  happens  to  be  the  central  one //,  it 
measures  lj"g",  therefore 

mj  =  1^9g.  .12000  =  18  750 
which  corresjMjnds  to  ?»b  of  Figure  189. 
Similarly  we  should  have  : 

m,  (formerly  ??ij.,)  =:||. 12000=  10125  pounds-inch. 

m„  (formerly  ?rtc)  =  1^.12000  =  18563  pounds-inch. 

Had  we   analyzed  the  strains  on   pin    as    shown    in    Figure    192 
graphically,  our  verticals  would  have  measured, 
at  E: 


at  C: 

„    3  '/ 

Ik—  16 

at  E,  : 

^c=iir 

and  at  Ji  : 

'•K.=e" 

i'u  =  li 
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The  corresponding  bending-moments  -would  have  been  : 

at  ^: 

m^  =  j3_.i2000  =  2250  pounds-inch. 


m^  =  lif .12000  =  21 750  pounds-inch. 
»Ie,  =  1^.12000  =  11025  pounds-inch. 


at  C: 

at  E^ : 

atB: 

711^  =  If. 12000  =  16500  pounds-inch, 
wliich  are  very  close  to  the  correct  moments,  which  we  found  arith- 
metically to  be  : 

7?ij.  =  2250  pounds-inch  ;  nif,  =  21637  pounds-inch  ; 
mj:,=  11617  pounds-inch;  and  nij^  ==  16G48  pounds-inch. 
The  simplest  method  of  calculating  pins,  as  a  rule,  will  be  —  after 
calculating  (or  ascertaining  from  Tables)  the  safe  bearing  and  shear- 
Simplest  ^'^S   stresses   of   the  pin,  —  to   calculate   the  actual 
method  use         moment  of  resistance  of  the  pin,  see  Table  I,  Section 
moments  of     ^o.   7,  fourth  column.      Now  proceed  graphically, 
resistance,   being  sure  to  make  the  pole  distance  in  every  case 

equal  to  the  safe  modulus  of  rupture  (  — r  )  of  the  material  of  pin. 

After  this  it  will  only  be  necessary  to  see  that  none  of  the  verticals 
through  the  different  polygonal  figures  (corresponding  to  A  I L  E  K 
J H  A  of  Figure  193)  —  that  none  of  these  verticals  measure  at  inch- 
scale  more  then  the  actual  moment  of  resistance  of  the  pin.  If  this 
is  done  the  calculation  and  selection  of  the  best  arrangement  becomes 
very  simple  and  easy.  After  the  final  and  best  arrangement  has 
been  determined  on,  it  would  be  well  to  calculate  arithmetically  the 
moments  as  per  this  final  arrangement,  thus  checking  the  graphical 
solution. 

The  writer  has  frequently  been  told  by  contractors  that  owing  to 
Contractors         ^^^  friction  due  to  the  pressure  of  the  nut  and  head, 

claim  of  no  that  it  was  impossible  for  any  bending-moment  to 
moment  take  place  on  a  pin.  As  well  it  might  be  claimed 
ridiculous,  that  owing  to  the  pressure  of  the  walls,  there  is  no 
bending-moment  on  a  built-in  beam.  The  safe  modulus  of  rupture 
of  a  built-in  beam  can  be  assumed  higher  same  as  we  do  for  pins, 
but  the  beam  will  break  across  if  too  heavily  strained  and  so  will  the 
pin.  Besides  it  must  be  remembered  that  the  heads  of  eye-bars 
necessarily  cannot  fit  the  pins  perfectly ;  and  even  if  the  argument 
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were  correct,  (which  it  is  not,)  that  friction  offsets  the  bending- 
moment,  the  least  rusting  of  the  joints  would  diminish  the  pressure 
between  nut  and  head,  thus  destroying  its  value. 

Again,  contractors  will  admit  that  there  exist  bending-moments  on 
pins,  but  will  deny  it  in  the  case  of  rivets,  though  the  cases  are  pre- 
cisely analogous ;  this  latter  argument  though,  if  sifted,  will 
generally  lead  the  contractor  to  admit  that  its  real  basis  is  the  large 
number  of  rivets  it  fre(|uently  recjuires ;  and  the  less  rivets  he  can 
get  along  with,  the  happier  will  your  contractor  be. 


CHAPTER   X. 


PLATE    AND    BOX    GIRDERS. 


FIG-    19  4-. 


FIG.  195 


WHEX  it  becomes  neces- 
sary to  cover  floors  or 
spaces  of  such  large 
span,  or  to  carry  loads  so 
heavy,  that  rolled-beams  will 
not  answer  the  purpose, 
girders  are  made  up  of  plates 
and  angles  riveted  together, 
and  are  known  according  to 
their  section  as  "  riveted  j^late 
girders "  with  single  webs 
(Figure  194),  "or  riveted  box  girders"  with  two  or  more  webs 
(Figure  195).  As  a  rule,  too,  riveted  girders  of  equal  strength  can 
be  more  cheaply  manufactured  than  the  heavier  sections  of  rolled 
beams. 

In  the  case  of  the  former  the  vertical  plate  or  web  has  two  angle  irons 

riveted  horizontally  along  its  entire  top  edge  and  the 

Single  ^^'^  same  along  its  bottom  edge,  or  four  in  all.     In  very 

light  construction  the  free  legs  of  the  angles  might 

answer  for  the   top   and  bottom  flanges,  but,  as  a  rule,  a  plate  is 

riveted  to  these  free  legs,  at  right  angles  to  the  web,  both  top  and 

bottom,  thus  forming  the  flanges  of  the  girder.     This  plate  need  not 

necessarily  extend  the  entire  length,  but  it  usually  does.     Where  the 

thickness  of   flanges  required  is  very  great,  say  one  inch  or  more, 

each  flange  is  made  up  of  two  or  more  thicknesses  or  layers  of  plates. 

In  such  cases  only  the  layer  nearest  to  the  web  is  carried   the 

entire  length,  the  other  layers  gradually  decreasing  from  the  point 

of  greatest  bending-moment  (usually  the  centre)  towards  the  ends. 
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To  carry  all  the  layers  to  the  ends  in  heavy  work  would  be  a  great 
extravagance,  the  only  advantage  gained  being  a  slight  increase  in 
stiffness,  which  can  be  very  much  more  readily  and  economically 
gained  by  increasing  the  depth  of  web. 

In  double  web  box  girders  only  two  angles  are  attached  to  each 
web,  one  at  the  top  and  one  at  the  bottom,  both  on 
ox  gir  ers.  ^.j^^  outside  surface  of  each  web.  To  place  angles  on 
the  inside  surface  is  impracticable,  as  webs  would  have  to  be  placed 
sufficiently  far  apart  for  the  "  holder-up  "  to  crawl  in,  and  the  rivet- 
ing would  not  only  be  weak,  having  to  be  done  by  hand,  but  it 
would  weaken  the  flange  by  just  so  many  additional  rivet  holes.  In 
short  girders  with  heavy  loads,  where  shearing  is  the  main  danger, 
box  girders  with  three  webs  are  sometimes  made  ;  in  that  case  the 
middle  web  has  the  usual  four  angles,  but  the  two  outside  webs  only 
two  angles  each. 

Beyond  the  additional  stifEness  sideways,  in  resisting  lateral 
flexure,  there  is  no  particular  advantage  in  using  a  box  girder.  It 
is  more  clumsy  to  handle  and  to  make,  and  not  readily  painted  on 
all  exposed  surfaces,  and  besides  is  more  extravagant  of  material  in 
proportion  to  its  strength.  Where  the  flange  is  of  great  breadth 
and  it  becomes  desirable  to  have  two  or  more  webs,  the  writer 
always  prefers  to  use  two  or  more  single  web  plate  girders,  and  to 
secure  them  together  with  bolts  and  separators,  or  by  latticing  the 
top  and  bottom  flanges,  together. 

The  angles  need  not  necessarily  be  even-legged  ;  nor  need  the 
web  necessarily  be  of  same  depth  throughout,  nor  of  same  thickness 
throughout.  It  will,  however,  greatly  simplify  the  calculation  to  keep 
the  web  uniform  throughout,  and  in  most  cases  the  extra  labor 
involved  in  varying  the  thickness  of  web,  would  more  than  offset  the 
cost  of  the  unnecessary  material  at  the  centre. 

AVhere  girders  are  very  deep,  the  web  is  made  in  sections  or 
panels,  as  already  explained.  In  such  cases  the  web  can  readily 
and  economically  be  thickened  towards  the  ends. 

Whenever   possible,   the   girder   should   be   cambered  up  at  the 

centre  an  amount  ecjual  to  the  calculated  deflection. 

Cambering  ]^^^  gg  girJei-g  are  usually  made  of  straijiht  plates, 

girders.  "=  •'  .       . 

and  machine  riveted  and  punched,  the  cambering  is 

rarely  practicable.      Should  the  girder,  however,  show  any  l)cn(ling 

or  camljcring  in  transportation,  the  architect  sliuuhl  be  sure  to  have 

the  cambered  side  placed  on  top. 
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The  calculation  of  riveted  girders  is  exactly  the  same  as  for  iron 
beams,  but  has  the  additional  element  of  the  number  and  location  of 
rivets  to  be  looked  into,  also  the  stiffness  of  web  and  overhang 
of  flanges. 

The  reactions,  vertical  shearing,  bending-moments,  actual  and 
recjuired  moments  of  resistance,  deflections,  etc.,  can  be  calculated 
arithmetically  by  the  rules  given  in  Chapters  I  and  VI ;  or  graphi- 
cally by  the  rules  given  in  Chapter  VI I. 

The  rules  for  ca,lculating  riveted  work  were  given  in  the  previous 
chapter  (IX). 

The  only  new  matter  is  to  find  what  the  strain  on  the  rivets  will 

be.     It  will  be  readily  seen  that  when  a  plate  girder 

Horizontal  j     loaded  the   tendency  of   the  flanges    and    angle 

flange  strain.  •'  ^  o 

irons    is   to    slide   horizontally    past   the    web    (see 

Figures  120  to  125). 

This  tendency  to  slide  is  called  the  horizontal  flange  strain.  The 
rivets  connecting  angles  to  web  resist  this  tendency  and  there  must 
be  sufficient  rivets  to  do  this  safely. 

The  total  amount  of  this  tendency  to  slide  or  horizontal  flange 
strain  between  any  selected  point  of  girder  and  the  nearer  end  of 
trirder,  is  equal  to  the  bending-moment  at  the  selected  point,  divided 
by  the  depth  of  web  of  girder  at  the  point,  or 

'-71  '^^'^^^ 

"Where  s  =  the  total  strain,  in  pounds,  coming  on  all  the  rivets 
connecting  either  top  or  bottom  flange  to  web,  between  any  selected 
point  of  girder  and  the  nearer  end. 

Where  ??i  =  the  bending-moment  in  pounds-inch,  at  the  selected 
point  of  girder. 

Where  d  =  the  total  depth,  in  inches,  of  the  web  of  girder  at 
the  selected  point. 

The  above  strain  s  will  exist  in  both  top  and  bottom  flanges  and  will 
be  resisted  by  all  the  respective  rivets  in  either  top  or  bottom  flange 
that  connect  the  angles  to  the  web. 

It  should  now  be  ascertained  which  is  the  weakest  resistance  of 
each  rivet,  whether  it  be  to  bearing  (compression), 
rivets  in'^v^eb  leg  to  shearing,  or  to  bending,  and  this  weakest  resist- 
or angles.   ^^^^  divided  into  strain  s,  as  found  by  Formula  (121) 
will,  of  course,  give  the  number  of  rivets  required  along  each  edge  of 
web  between  the   selected   point   and   the   nearer   end   of   girder. 
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Frequently  many  more  rivets  will  have  to  be  used  than  are  re([uired 
by  calculation  in  order  not  to  exceed  the  greatest  pitch  for  rivets 
given  in  Formula  (107). 

To  ascertain  the  number  of  rivets  required  (along  either  web 
edge)  between  any  two  points  of  girder,  we  will,  of  course,  take  the 
difference  between  the  numbers  required  from  each  point  to  end  of 
girder. 

In  the  flange  leg  of  angles  usually  fewer  rivets  can  be  jilaced  than  in 
the  web  leg,  though  many  good  engineers  frequently  make  them 
equal  in  number.  But  this  is  really  unnecessary,  for  even  if  the 
strains  on  the  flange  rivets  were  the  same  as  those  on  the  web  rivets 
(which  they  are  not)  we  should  still  have  two  rivets  in  the  flange  to 
one  in  the  web  on  all  single  plate  girders. 

There  seems  to  be  considerable  difference  of  opinion  as  to  just 

how  to  figure  the  strain  on  the  flange  rivets.     The 
Numberof  ,  ,  ,  i  •  i 

rivets  in  flange  best  course   would   seem   to  the   writer   to    be,    to 

ego  ang  es.  g^gg^,jjjg  ^\^^^  each  flange  cover  plate  must  transfer  at 
each  of  its  ends,  by  rivets,  to  the  angle  iron  and  parts  of  flange 
plates  between  it  and  the  angle  iron,  an  amount  equal  to  the  safe 
stress  the  plate  is  capable  of  exerting  (that  is,  net  area  of  cross  section 
of  the  plate  multiplied  by  either  the  safe  compression  stress  (  ^-  jor 

by  the  safe  tensional  stress  (  -^  j  as  the  case  may  be). 

This  amount  should  be  transferred  by  sufficient  rivets,  between 
the  end  of  each  plate,  and  the  point  of  girder  at  which  the  full  thick- 
ness of  the  plate  is  required  to  make  up  the  recjuired  moment  of 
resistance.  From  this  point  to  centre  the  rivets  can  be  sj)aced 
according  to  the  rule  for  greatest  pitch.  Formula  (107),  but  when 
rivets  are  so  spaced  the  pitch  of  the  rivets  immediately  nearest  the 
ends  of  any  cover  plate  should  be  greatly  decreased  for  a  distance 
of  three  or  four  rivets  at  each  end. 

By  the  above  method  the  amount  of  strain  on  rivets  can  be  (juite 
accurately  computed. 

The  simplest  methofl  of  locating  rivets  is  to  construct  what  might 

be  called  the  curve  of  moments  of  resistance.     This 

Locating  flange  ^.,^n  be  done  as  shown  in  Figure  1.01,  Chapter  VII 
rivQtSa 

(where  CDE  !•''!<'  is   the  curve  of   moments  of 

resistance),  or  we  can  calculate  arithinctically  tlm  riMpiired  momenta 

of  resistance  at  several  points  of  girder,  and  lay  out  the  curve  as 
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shown  in  Figure  196,  where  A  B  represents  the  length  of  girder, 
and  M C,  ID  and  N E  the  calculated  required  moments  of  resist- 
ance at  points  M,  I  and  N. 

The  curve  of  moments  of  resistance  is,  of  course,  A  C  D  E  B,  and 
its  axis  or  base  B  A. 

We  now  make  I  H=  a,  d  see  Formula  (99)  ;  a,  being  the  net  area 
of  cross-section  in  square  inches  of  two  angles,  and  d  the  total  depth 
of  girder  in  inches. 

H  D  will  now  represent  the  total  required  thickness  of  flange 
plates,  which  we  can  find  from  Formulae  (36)  or  (98). 

We  will  decide  to  divide  it  into  three  layers  H  G,  G  F  and  F  D. 

We  draw  the  lines  as  shown  and  find  that  plate  No.  1  can  stop  at 

K,  though  it  would  be  better  to  run  it  full  length,  it  is,  however, 

needed  of  full  thickness  at  J.     Again  plate  No.  2,  can  stop  at  J,  but  is 

n  I 


needed  full  thickness  at  L.  The  top  plate,  of  course,  will  run  from  L 
to  centre.  The  left  half  of  girder,  will  of  course  be  similar,  the  loads 
evidently  being  symmetrical  each  side  of  centre.  In  practice  the 
plates  rarely  are  stopped  at  the  exact  points  calculated,  but  are 
usually  extended  beyond  these  points  a  distance-  equal  to  from  once 
to  twice  the  width  of  plate. 

There  must  now  be  rivets  enough  between  D  and  L  to  equal  the 
efficiency  of  plate  No.  3,  between  L  and  J  to  equal  the  efficiency  of 
plate  No.  2  and  between  /  and  K  to  equal  tlie  efficiency  of  plate 
No.  1.  If  there  is  not  room  to  get  them  in  the  plates  must  be  suffi- 
ciently extended  to  get  them  in,  that  is  No.  3  must  be  lengthened 
beyond  L  and  towards  /;  No.  2  must  be  lengthened  beyond  / 
towards  K  and  No.  1  carried  on  towards  end. 
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In  laying  out  the  rivets  they  should  he  as  regular  as  possihle,  the 

best  method  is  to  lay  out  the  total  number  of  rivets 

Regularity  of      required  from  centre  to  end,  gradually  decreasing  the 

pitch  towards  ends,  and  then  to  make  each  of  the 

plates  No.  3,  No.  2  and   No.  1  of   sufficient   length   beyond    their 

respective  point  D  (for  No.  3)  L  (for  No.  2)  and  /(for  No.  I)  to 

take  in  the  number  of  rivets  required.      The  length  of  plates  may 

always  be  more  than  shown  in  Figure  196  without  harm,  but  never  less. 

We  should  have  then  for  the  bottom  flange : 

Number  rivets               a.  (  -^  ) 
in  end  of  each                 ^  /  ' 
flange  plate.    x^= (\^^\ 

Where  x  =  the  number  of  rivets  required  in  each  end  of  each 
flano-e  plate  between  its  ends  and  the  nearer  points  to  ends  at  which 
its  full  strength  is  required  by  the  girder. 

Where  a  =  net  area  of  cross-section  of  the  flange  plate,  in 
square  inches  (less  rivet  holes),  at  its  weakest  section. 

Where  (  — T^  =  the  safe  tensional  stress,  per  scpiare  inch  of  the 

material.     For  top  flange  use  T  -^  j  and  look  out  that  rivets  are  not 

so  far  apart  as  to  cause  bending  or  wrinkling  of  plates. 

Where  v  =  the  safe  stress,  in  pounds,  or  least  value  of  each 
rivet.  That  is  the  bearing,  shearing  or  cross-breaking  value  of  the 
rivet,  whichever  is  the  smaller. 

The  rivets  in  the  flanges  will,  of  course,  be  cantilevers,  loaded  with 

Value  of  rivets,    their    respective    amounts    of    a.  \^yj  or  a.\^-,j 

respectively,  a  being  the  area  as  given  in  Formula  (122).  The  free 
end  of  cantilever  will  be  of  a  length  ecpial  to  the  thickness  of  the 
respective  flange  plate,  or  equal  to  the  thickness  of  leg  of  angle  iron, 
whichever  is  the  smaller  should  be  used. 

The  bearing  area  will  be  the  diameter  of  the  rivut  multiprud  l)y 
the  same  smaller  thickness. 

In  single  plate  girders  the  shearing  of  rivets  will  rarely  (U'tcriiiine 
their  number,  this  will  generally  be  more  than  the  ])earing  or  bending 
value. 

Figure  197  shows  clearly  the  way  in  which  rivets  are  strained. 

The  web-rivet.  No.  3,  is  hearimj  against  wel)  on  the  surface  E  F 
and    against   angles   on    the  two  surfa<;es  (sum  of)   J>E  and  FG 
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The  rivet  has  two  cross-shearing  areas,  at  E  and  F.  Tlais  rivet  is 
a  beam  supported  at  D  E  and  F  G  and  loaded  uniformily  with  its 
share  of  horizontal  flange  strain,  which  it  is  transferring  to  web. 

The  flange    rivets,   Nos.    1 


-i^LX 


-Ox 


xy- 


c 


"TTT" 


5) 


"FIG.  197. 


and  2,  we  will  suppose  are 
connecting  the  flange  plate 
A  H  to  the  angle  iron.  Their 
bearing  then  is  against  A  H 
and  in  the  opposite  direction 
against  B  C,  the  lesser  should 
be  used.  Their  shearing  area 
is  either  along  the  line  Hov  the 
line  B  according  to  which  end 
is  considered  the  cantilever,  so 


that  they  have  only  one  shearing-area  practically  in  the  calculation, 
instead  of  two  as  with  the  web  rivets. 

Then  rivets  Nos.  1  and  2  are  cantilevers  and  are  built  in  either 
from  H  to  C  and  loaded  uniformily  on  the  free  end  A  H,  or  built  in 
from  A  to  B  and  loaded  uniformly  on  the  free  end  B  C, 
whichever  projection  A  H  or  B  C  is  smaller  should  be  used.  The 
load  on  the  cantilever  being  as  already  explained  equal  to  each 
rivet's  share  of  an  amount  equal  to  the  net-area,  of  top  plate  A  H 
multiplied  by  the  safe  tensional  or  compressive  stress  per  square  inch 
of  the  material. 

There  is,  of  course,  a  tendency  of  the  plates  HI,  IB,  etc.,  to 
slide  past  each  other  and  past  angles. 

This  tendency  will  exist  particularly  at  the  centre  of  girder  and 

in  those  parts  of  rivets  which  simply  tend  to  hold 

Plate  tendency    j^g  plates  too-ether  after  the  plates  have  once  trans- 
to  slide.  1  o  r 

ferred  their  strength  and  become  a  permanent  part 

of  the  flange.  But  this  tendency  rarely  amounts  to  much,  unless  the 
plates  are  very  thick  ;  and  if  the  rivets  are  spaced  according  to  rules 
given  can  be  overlooked.  If  it  is  desired  to  calculate  the  strain  on 
each  rivet,  due  to  this  tendency  of  the  flange  plates  to  slide  past 
each  other,  it  can  be  done  by  the  following  formula,  which  assumes 
that  at  any  right  angled  cross-section  of  flange  through  rivets  there 
are  always  two  rivet  holes. 

v  =  \{x-yy.(^^^)  (123) 

Where  v  =.  the   safe  value   or   stress   on   any  flange   rivet,  in 


PLATE    SPLICING.  113 

pound?,  to  resist  the  tendency  of  any  two  flange  plates  (or  plate  and 
angle  leg)  to  slide  past  each  other. 

Where  b  =  the  total  breadth  of  flange  plate,  in  inches. 

"Where  d  =  the  total  depth  of  girder,  in  inches. 

Where  x^  the  distance,  in  inches,  from  the  horizontal  neutral 
axis  of  girder  to  centre  of  liange  plate,  further  from  neutral  axis. 

Where  ?/  =  the  distance,  in  inches,  from  the  horizontal  neutral 
axis  of  girder,  to  centre  of  flange  plate  (or  centre  of  flange  leg) 
immediately  next  to  other  plate,  hut  on  the  neutral  axis  side  of  same. 

Where  (  -^  J  ^  the    safe   modulus    of    rui)ture,   in    pounds,   of 

the  material. 

If  anj'  part  of  a  girder,  either  web  or  flange,  is  spliced,  made  of 

two  parts,  the  number  of  rivets  each  side  of  splice, 

Splicing  girder    ^^^^   ^|^g   amount   of    additional   cover  plates,   etc., 

piates.  f!    1  1 

should  be  made  sufficient  to  transfer  the  full  strength 

of  original  plate  across  the  joint. 

In  locating  the  rivets  of  a  splice  care  should  be  taken  not  to 
weaken  the  original  plate  by  holes  not  allowed  for  in  the  original 
calculation  of  moment  of  resistance  of  the  section.  There  is  no 
difficulty  in  splicing  webs,  as  cover  plates  can  be  put  on  each  side, 
and  the  strains  in  the  web  are  comparatively  small. 

These  (web-splice)  plates  and  their  rivets  each  side  o/ joint  should 
be  of  sufliicient  strength  to  transfer  the  amount  of  the 

e  -sp  ice.  vertical  shearing  strain  at  the  joint  from  one  side  of 
(spliced)  web  joint  to  the  other  side  of  joint.  In  the  flange,  how- 
ever, it  is  more  troublesome. 

In  heavy  girders,  however,  (the  only  ones  usually,  where   it   is 

necessary  or  where  it  pays  to  splice  the  flange  plates),  it  is  best  to 

carry  the  upper  or  outside  layers  of  flange  plates  a  longer  distance 

from   the   centre    (or    point    of    greatest   bending- 

ange  sp  i  .  jj^^^^gj^j^-j  j.|^g^j^  .required  by  calculation,  thus  gaining 
extra  material  in  the  flange,  and  more  than  required  there  by 
calculation,  and  then  using  this  extra  material  to  offset  the  loss  suffered 
by  making  the  additional  rivet  holes  and  l)y  cutting  or  joining  one 
of  the  flange  plates  at  the  point.  For  instance,  Figure  1!)8  repre- 
sents the  side-view  of  part  of  the  toj)  flange  of  a  i)Iate  girder.  A  B 
is  the  first  flange  plate  running  entire  length  of  girder,  A  Ijeing 
towards  end  and  B  towards  centre. 
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This  plate  has  to  be  spliced.  We  have  previously  found  that  we 
can  thin  down  our  flange  at  the  points  F,  E,  D  and  C.  We  will 
decide  to  piece  plate  A  B  between  D  and  E  say  at  G.  Of  course 
the  flange  will  thus  be  weakened  at  the  point  G  by  the  entire  loss  of 


FIG,  19  8. 

plate  A  B  and  if  we  attempt  to  regain  this  by  cover  plates  it  will 
lose  the  additional  rivet  holes.  But  by  prolonging  the  upper  plates 
as  shown  by  dotted  lines  this  loss  can  be  made  good  and  without  any 
additional  rivet  holes. 

For  by  the  time  the  plate  which  originally  ended  at  E  has  been  ex- 
tended to  G  the  girder  is  considerably  stronger  than  needed,  that  is 
stronger  by  the  amount  of  thickness  of  this  extended  plate,  and  the 
girder  can  therefore  bear  the  loss  suffered  by  the  cutting  of  the 
lower  plate.  Providing,  of  course,  the  plates  are  of  equal  thickness. 
If  there  are  not  enough  rivets  between  G  and  D  to  take  up  the 
strength  of  the  spliced  plate,  the  plate  which  ends  at  D  will  also  have 
to  be  extended,  as  shown  by  dotted  lines,  till  the  number  of  rivets 
desired  have  been  covered. 

In  many  cases  the  extending  of  flange  plates  is  sufiicient  to  form 
the  splice,  but  frequently  an  additional  cover  plate  over  the  extended 
flange  plate  may  simplify  and  cheai^en  the  cost.  The  arrangement 
in  each  case  will  dejiend  upon  the  number  of  rivets  required,  the 
respective  thickness  of  plates  and  other  local  circumstances. 

As  a  rule  the  angles  are  made  in  one  piece  from  end  to  end,  as 

they  can  easily  be  obtained  of  great  length,  and  are 

Angles  in  one      awkward  to  splice.     Angles  should  be  used  as  heavy 

as  possible,  but  if  very  thick  they  are   difficult  to 

straighten,  and  besides   reduce  greatly  the  value  of   flange  rivets, 

owing  to  the  bending-moment. 

In  determining  the  thickness  of  web  it  has  to  have  sufficient  area 
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of  vertical  cross-section  at  all  points  to  resist  the  vertical  cross-shear- 
ing, and  must  be  stiff  enough  not  to  buckle  under  its  load,  which 
will  be  equal  to  the  vertical  cross-shearing  at  each  point  of  web. 

As  this  vertical  cross-shearing  is  always  greatest  at  one  or  both 
supports,  we  should  have  for  thickness  of  web : 

Web-thickness.  b= 1- 

d./g\  (124) 

Where  b  =  the  required  thickness  of  web,  in  inches,  (should 
never  be  less  than  ^"  thick). 

Where  d^ihe  depth  of  web,  in  inches,  this  should  be  the  net 
depth  d,  that  is  depth  less  all  rivet  holes  coming  on  any  vertical 
section  at  or  near  reaction. 

Where  p  =  the  reaction,  in  pounds,  at  either  end,  (Formulte  14 
to  17).  The  larger  reaction  should  be  used,  where  they  are 
unequal. 

If  web  is  not  to  be  of  uniform  thickness  throughout,  use,  in  place  of/?, 
the  amount  of  vertical  shearing-strain,  in  pounds,  at  the  point  for 
which  thickness  of  web  is  being  calculated. 

Where  (  -^]=  the  safe  cross-shearing  stress  of  the  material,  in 

pounds,  per  square  inch. 

In  many  plate  girders  the  web  will  be  so  thin  in  comparison  to  its 
depth,  that  there  will  be  serious  danger  of  the  web 

Danger  of  bucklin";,  particularly  towards   the  ends  where  the 

buckling.  .  . 

vertical  cross-shearing  (except  in  case  of  single  con- 
centrated loads)  is  always  greatest. 

To  avoid  this  danger  the  web  is  stiffened  by  riveting  upright  angle 
irons,  or  T-irons  to  same,  between  the  flanges.  The  ends  of  these 
stiffeners  should  always  he  planed  and  bear  truly  against  each  flange. 
At  tlie  very  ends  of  girders  there  should  always  be  stiffeners  over 
the  reactions,  of  suflicient  strengtli,  as  columns,  to  carry  the  amount 
of  reaction,  less  the  amount  of  bearing  of  web  on  reaction.  As  the 
length  of  these  columns  will  be  only  ecjual  to  the  depth  of  girder,  and 
the  column   will   generally   consist   of   the   bearing 

*'*®°'  „  amount  of  web,  plus  two  angles,  thev,  the  stiffeners, 

stiffeners.  '  '  o      >        .  >  > 

can  safely  be  considered  as  short  columns  and  the  full 
safe  compression  stress,  per  scpiare  inch,  allowed  on  them.  Tlie 
number  of  rivets  connecting  any  of  the  stiffeners  to  web,  should 
equal  the  amount  (if  cross-shearing  being  carrieil  by  the  stilTcncr, 
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that  is  vertical  cross-sliearing  at  the  stiffener,  less  the  amount  borne 
by  web.  Tliis  latter  amount  at  the  ends  is  the  safe  load  on  a 
column  or  section  of  web,  equal  to  its  bearing  on  reaction;  between 
reactions  a  section  of  web  equal  to  its  depth  is  taken  as  assisting  or 
being  assisted  by  the  stiffener,  that  is  as  acting  together  with  the 
stiffener.  While  the  web  really  receives  its  load  from  the  flanges  by 
pin-connected  ends  —  rivets — it  is,  nevertheless,  assumed  by  most 
engineers  to  have  planed  ends,  presumably  to  avoid  too  many 
stiffeners,  the  whole  calculation,  as  it  is,  being  but  very  theoretical 
anyhow. 

We  should  have,  then,  amount  of  strain  on  end  stiffeners, 

_    _     12000.  &.X 

Strain  on  end  ^       P  0  0003  r/^  ("125) 

stiffeners.  i  _L.  '^'  ^'^'^- "  ^        ^ 

and  amount  of  strain  on  intermediate  stiffeners, 

Strain  on  inter-                      s=y-      ^^^^^•^■<L 
mediate  stiff-                                 ^        ,     ,    0,0003.  fZ^  (126) 

eners.  1  J-  _L ^        ^ 

Where  s  =  the  total  compression  strain  on  stiffeners  in  jiounds ; 
the  stiffeners  should  have  sufficient  area  of  cross-section  to  resist 
this  strain,  considered  as  short  columns,  and  sufficient  rivets  con- 
necting them  to  web  to  =s  in  value. 

Where  p  =  the  greater  reaction,  in  pounds,  wiiere  the  reactions 
are  unequal;  or  either  reaction  where  they  are  equal,  see  Formulte 
(14  to  17). 

Where  y  =  the  amount  of  vertical  cross-shearing,  in  pounds,  at 
the  point  of  girder,  see  Formula  (11),  at  which  stiffener  is  applied. 

Where  x  =  the  distance,  in  inches,  that  girder  rests  on 
(selected)  reaction  p. 

Where  b  =  the  thickness  of  web,  in  inches,  at  end  or  at  point 
y,  as  the  case  may  be. 

Where  d  =  the  depth  of  web,  in  inches,  at  end  or  point  y,  as  the 
case  may  be. 

To  decide  whether  the  web  needs  or  does  not  need  stiffeners,  and 
if  so,  at  what  points,  use  the  following  formula. 
_     12000.6.(7 

Where  stiffeners  ^  0  0003   d^  (12") 

are  necessary.  i  4_  ^'"'^"^-  "  ^        ■' 

Where  b  and  d  same  as  in  Formulae  (125  and  126).       Should  y  be 
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larger  than  the  greater  reaction  p  no  stiffeners  are  required,  except 
at  the  very  end. 

Should  y  be  less  than  either  reaction,  stiffeners  will  be  required  up 
to  the  point  of  web  where  the  vertical  shearing  —  (as  found  by 
Formula  11)  — Just  equals  y. 

At  tliis  point  place  stiffeners  a  distance  apart  equal  to  the  depth 
of  web. 

Stiffeners  should  always  be  placed  under  concentrated  loads.  At 
end  of  web  place  stiffeners  and  again  just  inside  of  reaction,  and 
between  end  and  point  where  y  equals  shearing  place  stiffeners,  not 
less  than  the  depth  of  web  apart,  and  gradually  diminishing  the 
distance  between  them  towards  end ;  this  distance  should  be  regu- 
lated by  the  amount  of  increase  in  vertical  shearing  towards  end. 

In  regard  to  the  deflection  of  plate  girders,  the  same  rules  apply, 
as  for  beams,  that  is  Formulae  (3G)  to  (42),  Table 

Deflection  of       yjj    ^^^^    Formula    (95)    to    (97).      It   should  be 

plate  girdersi  '  \     /  \     / 

noted,  however,  that  owing  to  more  or  less  imper- 
fections in  riveting,  fitting  of  parts,  etc.,  the  plate  girders  will  deflect 
very  much  more  than  if  calculated  by  these  rules,  with  a  modulus  of 
elasticity  same  as  for  perfectly  rolled  beams. 

To  allow  for  these  imperfections  in  manufacture  a  lower  modulus 
of  elasticity  should  be  used,  to  be  varied  according  to  the  care 
exercised  in  manufacturing  the  girder.  Exjoeriments  on  riveted 
girders  have  given  moduli  of  elasticity  for  steel  as  low  as  5000000 
pounds-inch. 

This,  however,  is  probably  an  extreme  case.  The  writer  would  recom- 
mend that  the  following  be  used,  where  no  experiments  can  be  made  : 
For    wrought-iron     plate     girders    e=:  18000000 
Decreased  pounds-inch. 

modulus  of         '       ,,  .,  ,  ,        ,  .      ,  «/^/^r^rvn,^r>  1 

elasticity.  For  mild-steel  plate  gn-ders  e^  20000000  poumls- 
inch. 

Where  e  =  the  modulus  of  elasticity,  in  pounds-inch,  to  be  used  in 
calculating  the  deflection  of  plate  girders. 

Before  giving  an  example.  Tables  XLT,  XLII  and  XLIII  should 
be  explained.  They  have  been  calculated  to  enable  architects  to  lay 
out  the  required  size  of  plate  girders  by  their  use,  and  witliout 
elaborate  calculations.  They  will  be  found  to  be  very  accurate  and 
valuable  for  preliminary  estimates,  (jiiick  designing  of  girders,  and 
checking  of  final  calculations. 
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Table  XLI  gives  the  value  of  the  web  in  resisting  the  bending- 
moment.  It  should  be  remarked  here,  that  some 
*xtl°yLn  and  engineers  do  not  include  the  web  at  all ;  others 
^'""''  include  only  one-sixth  of  the  web  at  top  and  bottom. 
This  is  practically  reducing  the  web  to  the  same  level  as  if  the  top 
and  bottom  flanges  were  merely  latticed  together.  The  writer 
believes,  that  in  house-work  at  least,  it  can  and  should  be  safely 
included,  particularly  as  it  does  not  greatly  affect  the  final  result 
anyhow.  In  box  girders  the  two  webs  should  be  considered  as  one 
web  of  thickness  equal  to  the  sum  of  the  two ;  except  when  calcu- 
lating for  buckling,  when,  of  course,  each  web  is  taken  separately. 

Table  XLII  gives  the  value  of  the  four  angle-irons,  for  six 
different  sizes  of  angles,  and  Table  XLIII  the  value  of  each  inch  of 
effective  width  of  flange.  In  all  of  the  Tables  the  horizontal  column 
of  figures  at  the  top  indicates  the  length  of  span  of  girder,  in  feet ; 
the  vertical  columns  of  figures  to  the  left  indicate  the  respective 
values  in  tons  (of  2000  pounds  each)  ;  while  the  figures  on  the 
curves  indicate  the  depth  of  web  of  the  plate  girder. 

The  tables  are  calculated  for  a  safe  modulus  of  rupture  (  ^  j  or 

extreme  fibre  strain  of  12000  pounds  per  square  inch,  and  intended, 

of  course,  for  wrought-iron. 

For  those  desiring  to  use  a  smaller  or  greater   strain  it  will  only 

be  necessary  to  increase  or  reduce  the  actual  load 

For  different        (respectively)   in   the   calculation.       Thus,  if   it  is 
fibrestrains.    '^       ^  ^,  .        ,      .„^„  ,      .i  • 

desired  to  use  a  fibre  stram  of  15000  pounds,  this 

will  be  one-quarter  more  than  allowed  for  in  Tables.  We  therefore 
use  but  four-fifths  of  our  load  in  the  calculation  and  find  by  the 
Tables,  what  sized  girder  will  safely  carry  four-fifths  of  our  load 
with  an  extreme  fibre  strain  of  12000  pounds.  When  we  then  add 
one-fifth  of  the  original  load  (or  a  quarter  additional  to  the  calcu- 
lated load)  it  will,  of  course,  add  also  one-quarter  or  3000  jjounds  to 
the  extreme  fibre  strain.  Or,  we  wish  to  use  an  extreme  fibre  strain, 
of  only  10000  pounds.  We  add  one-fifth  to  our  load  making  it  f  (or 
one  and  one-fifth)  and  find  from  Tables  the  size  of  plate  girder  to 
carry  this  increased  load  at  12000  pounds  fibre  strain;  when  now  we 
deduct  one-fifth  of  the  original  load  (or  one-sixth  of  the  calculated 
load),  we  will,  of  course,  at  the  same  time  diminish  our  extreme  fibre 
strain  one-sixth  to  10000  pounds. 
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The  use  of  the  Tables  is  very  simple  and  easy.  For  loads  other 
than  uniform,  and  for  steel,  the  data  at  bottom  of  Table  XLI  shows 
their  respective  values  as  compared  to  those  given  in  Tables. 

It  should  be  noted  that  the  "  greatest  deflection  "  has  been  calcu- 
lated for  the  most  perfect  work.  For  ordinary  work  this  deflection 
will  be  increased,  according  to  the  quality  of  the  workmanship,  to 
one-half  more  than  for  perfect  work. 

In  using  the  Tables,  first  settle  the  size  of  web,  then  of  the  angles, 
and  finally  the  size  of  flange  plates. 

Example  I. 
Designing  ^^  "^'^^  suppose  that  we  have  a  wrought-iron  plate 

girders  by     girder  of  GO  feet  spari,  which  is  to  carry  a  uniform 
load  of  89|  tons  and  two  loads  o/44ii-  tons  each,  one 
concentrated  near  each  end,  and  one  quarter  span  from  reactions.      We 
are  to  use  a  web  36"  deep  and  flange  21"  wide.      Design  the  girder 
parts  by  use  of  Tables. 

From  the  arrangement  of  loads  W,„  and  W,y  (at  bottom  of 
Table  XLI)  we  see  their  sum  is  equal  to  a  uniform  load,  or 

44H  +  44li  =  89f 
that  is,  our  two  concentrated  loads  will  have  the  same  effect  on  the 
girder  as  a  uniform  load  of  89f  tons ;  our  total  load  on  the  girder, 
therefore,  will  be  equal  to  178|  tons  uniform  load,  which  we  will 
assume  includes  the  weight  of  the  girder  itself.  We  will  decide  to 
use  four  6"x6"xf"  angles,  as  the  loads  are  very  heavy,  and  |" 
rivets  throughout. 

We  now  settle  the  thickness  b  of  web,  from  formula  given  in  right- 
hand  corner  of  Table  XLI,  namely : 

or,  say,  web  should  be  |"  thick. 

We  now  find  the  value  of  web  in  resisting  the  bending-moment 

from  Table  XLI.     Pass  down  the  vertical  span  line 

Value  of  web.      ^^^jj^,,!  g^,  q„  ^ji,  ^^^  ^^^.■^^^  ,,,^  ^.^j^.^,^  marked  3(J", 

this  is  two-thirds  way  between  the  horizontal  lines  marked  on  the 
left  —  (in  the  |"  thick  vertical  column,  the  second  from  left)  —  7,5 
and  10,0  respectively,  or  our  web  would  safely  carry  about  9  tons. 
We  next  take  Table  XLII,  remembering  that  we  selected  the 
C"  X  6"  X  I"  angles,  the  values  for  which  are  in  the  extreme  left 
column. 
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We  again  pass  down  tlie  GO'  0"  vertical  line  till  we  strike  the  36" 

curve,  which  is  a  little  more  than  half-way  between 

Value  of  four       ^j^g  horizontal  lines  marked  in  the  extreme  left  — 
anglesi 

(6"  X  6"  X  I")  —  cohmin   28,2  and  32,9  respectively ; 

or,  our  four  angles  together  will  take  care  of  about  30|  tons,  this 
added  to  the  web  value  (9  tons;  makes  393  tons  of  the  178|  tons  to 
be  cared  for,  or  a  balance  of  139  tons  to  come  on  the  flange. 

The  flange  is  to  be  21"  wide,  from  this  we  must  deduct  the  two  y 
rivet  holes,^  or  our  effective  width  of  flange  would  be  =  19^",  there- 
fore each  inch  must  carry 

1^  =  7,22  tons. 
19A 

We  now  take  Table  XLIII,  pass  down  the  60'  0''  vertical  line  till 
we  strike  the  curve  36"  and  then  pass»to  the  left  to 
"  find  the  above  value  7,22  tons.  We  strike  the 
curve  on  the  fifth  horizontal  line  from  the  top  and  passing  to  the  left 
find  that  we  cannot  find  any  such  value  as  7,22  tons,  in  other  words 
the  flange  will  have  to  be  thicker  than  two  inches.  The  value  of  2'' 
we  find  is  4,8  tons,  leaving  us  7,22  —  4,8  =  2,42  tons  to  care  for  in 
addition  to  the  2"  thickness;  this,  we  find  (still  on  the  fifth 
horizontal  line)  is  under  the  thickness  marked  1  or  our  flanges  will 
have  to  be  exactly  3"  thick  at  the  centre  of  girder. 

In  regard  to  the  web,  should  we  decide  to  make  a  box  girder,  each 
web  should  be  at  least  one-half  the  calculated  thickness  or  ^^g  thick. 
In  practice  it  would  be  better  to  make  them  a  little  heavier,  for  such 
heavy  girders,  say  about  f  thick  each. 
Example  II. 
A  single  iveb  riveted  plate  girder  is  of  59'',0'''  span. 
Detailing^  At  four  feet  from  left  support,  and  thence  every  five 

feet  to  five  feet  from  right  support  it  carries  a  concen- 
trated load  of  19500  pounds,  the  third  loads  from  each  end  being  in- 
creased (l»j  columns)  to  91000  pounds.  These  loads  include  the 
allowance  for  iveight  of  girder.  The  iveh  must  not  he  more  than  36" 
deep.     Detail  the  girder. 

This  girder  is  one  of  some  twenty-five  used  by  the  writer  in  a 
large  public  building  in  New  York  City,  hence  the  limitation  as  to 
depth  of  girder. 

'Many  engineers  deduct  in  addition  to  size  of  rivet,  I-IG"  for  punching  and 
1-16"  for  reaming,  which  in  our  case  would  malie  the  rivet  holes  1"  instead  of  J". 
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The  working-drawings,  as  they  were  furnished  to  the  contractors 
by  the  writer,  are  given  in  Figures  204  to  210  inclusive.^  The  only 
objection  (on  the  score  of  cost)  was  to  the  length  of  some  of  the 
flange  plates,  but  this  could  not  be  avoided,  as  the  level  of  beams 
resting  on  the  girders  could  not  be  disturbed,  and  there  was  not 
room  enough  between  beams  to  get  in  the  necessary  length  of  cover- 
plates  for  sj)lices. 

The   reader   will   readily   see   that   this   is    practically  the  same 

e.\am})le  as  the  former  one  {Example  I),  so  that  we  need  not  refer 

to  the  Tables  for  preliminary  designing.      We  know  then  from  the 

Tables  that  the  girder,  at  the  centre,  will  need  to 
Size  by  Tables.    ,  ,,      „,,  I  ,,  „\, 

have     a     36"  x|       web,     a3"x21"     flange,    four 

6"  X  6"  X  I"  angles,  and  that  we  will  use  I"  rivets. 

We  will  now  see  whether  this  is  confirmed  by  calculation.  We 
will  first  use  the  graphical  method  (see  Chapter  VII)  on  account  of 
the  large  number  of  loads. 

In  Figure  202  (p.  121)  we  lay  off  our  vertical  load  line  m  a,  where 

VI  l:=lkz=^j  h  =  h  (J,   etc.,  =  19500    pounds,    and    k  J  ^d  c  :^ 

Curve  of  91000  pounds  at  pounds-scale.     We  would  select  the 

moment  of  -^  '■ 

resis  ance.  ^.^^j^  distance  xy^^(—.  j  =  12000  pounds,  but  that 

it  will   make    the    moment-of-resistance   curve   too   deep    for    con- 
venience.     We  will,  therefore,  decide  to  make  the  distance  x  y  = 

10.  f -— j  r=  120000  pounds   at   pounds-scale.      We  shall,  therefore, 

have  to  multiply  a\\  the  verticals  through  the  moment-of-resistance 
curve  in  Figure  199  by  ten  to  get  their  actual  values.     We  draw  the 
moment-of-resistance  curve  Figure  199  (see  Chapter  VII)  and  find  its 
base  line  A  J\I.     As  our  loads  are  not  symmetrical  on  the  beam,  being 
four  feet  distant  at  one  end  and  five  feet  at  the  other,  we  draw  in  Figure 
202  X  y,  parallel  A  M  of  Figure  199,  and  find  our  reactions 
y^vi=z  q^\ 75000  pounds  and 
a  ?/,  =;j  r=  182500  pounds. 
The  greatest  bending-moment  will  be  at  load  «\,,  where  the  great- 
est vertical  v  through  the  moment-of-resistance  curve  (Figure  1 99  on  p. 

121)  measures  276  inches  (by  inch-scale).    Nothaving 
Greatest  bend-  /  /•  \ 

ing-moment.  used  the  pole  distance  r  ?/:=  (  ^^  j  in  Figure  202  we 

'  It  is  to  be  regretted  tbat  some  of  the  illustrations  are  necessarily  very  small ; 
the  reader  is  advised  to  use  a  magnifying  glass. 
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must  multiply  this  by  ten  to  get  the  actual  required  moment  of 
resistance  which  would  be  =  27C0.  For  the  same  reason  we  cannot 
use  Formula  (98)  to  calculate  the  flange  thickness  and  therefore 
refer  to  Formula  (3G)  and  have  for  thickness  of  flange  at  centre 

2760      ,„, 
1C,4 

^^  :3,02 


~         19,25 

Or   we    need,    as  found  by  Tables,  a  flange  thickness   of    three 
inches  at  the  centre  of  girder.    In  the  above  formula, 
RequiredJ^ange  j^    ghould    be    explained,    2760   was    the    required 
moment  of  resistance  at  the  point  (that  is  at  load  ?t\.,) 
for  which  we  were  calculating  flange  thickness  ;  37  represented  the 
approximate  total  depth  of   girder,  allowing  say  for  one   half-inch 
plate  to  each  end  of  girder;  19,25  was  the  net  width  of  flange,  after 
deducting  two  rivet  holes ;  and  16,4  was  the  net  area  of  cross-section 
(after  deducting  four  rivet  holes)  of  two  6"  x  6"  x  |"  angles. 
We  will  decide  to  use  six  half-inch  thick  plates  in  each  flange  and 
must  next  decide  where  to  break  them  off.     Accord- 
diminish  flange  ingly  we  use  Formula  (99),  and  have  value  of  two 
thickness,    ^j^^i^g 

r=:  16,4  .36  =  590,4 
or  of  the  whole  required  moment  of  resistance  (2760)  the  angles 
furnish  an  amounts:  590;  now,  as  our  moment  of  resistance  curve 
is  only  of  one-tenth  the  recjuired  depth,  we  divide  this  by  10  and 
make  0  T,::^  50  at  inch-scale.  We  now  divide  T",  Tinto  six  equal 
parts  and  draw  the  parallel  lines  to  base  A  M,  their  intersections 
N,  0,  P,  Q,  II,  and  S  with  the  curve  are  the  points  at  which  the 
respective  plates  can  be  broken  off. 

We  shall,  however,  carry  the  first  plate  N  0  tlie  entire  length, 
and  as  this  plate  is  spliced  inside  of  the  curve,  we  shall  have  to 
carry  plate  No.  5  over  the  joint  to  make  up  for  the  lost  section,  and 
we  shall  have  to  carry  both  plates  Nos.  4  and  5  sufficiently  far  to 
the  left  of  the  splice  to  get  in  the  necessary  number  of  rivets  tu 
e(jual  the  value  of  cut  plate. 

It  will  also  be  necessary  to  prolong  some  of  the  plates  to  get  in 

the  necessary  rivets  beyond  their  points  of  contact 

Number  of  .  ,  mi         i  /-.  i     nr  ^       ■. 

flange  rivets     with  curve.       1  bus  between  U  and  iV  we  must  get 

required.  ^,fjo^,g]j  rivets  to  equal  in  value  plate  No.  1,  or  else 
prolong  plate  beyond  iV ;  Ijetween  P  and  0  enough  rivets  to  ecpial 
plate  No.  2,  or  else  prolong  plate  beyond  O  :  and  so  on  till  in  the  last 
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plate  No.  G  we  must  get  enough  rivets  between  T  and  S  to  equal 
plate  No.  G.     Now  these  plates  are  all  of  equal  value  ^  \"  x  19^"  = 

9|  square  inches  of  cross-section,  which  multiplied  by  ("-)=:  12000 

pounds  gives  the  real  strain  s  on  the  rivets,  or 
s  =  9f  .12000  =  115500  pounds. 
We  will,  therefore,  lay  out  rivets  enough,  in  each  flange,  between 
S   and   the   end   A    to  take  this  strain  five   times, 
pacing  ^.^^^se  gradually  decreasing  the  pitch  towards  the  end  of 
girder.     We  will  then  carry  each  plate  sufficiently 
far   beyond   the   length    required    by  curve,  to   get   its   respective 
number  of  rivets. 

Now  the  value  of  rivets  (|")  in  flange  will  be  for  shearing  (single 
area)  =4800  pounds  each.     For  bearing  and  bend- 
Value  of  each     jngr  the  rivets  will  evidently  get  their  value  from  the 
flange  rivet.       °  •'  ° 

\"  plate,  this  being  thinner  than  the  angles,  and  we 

have  bearing  value  =  5250  pounds  per  rivet.  Either  of  the  above 
can  be  found  by  calculation,  or  from  Tables  XXXV  and  XXXVIII. 

For  bending  we  have  from  Table  XXXVIII  for  a  |  rivet,  the 
safe  bending-moment  =  990  or  say  1000  pounds-inch. 

The  actual  greatest  bending-moment  will  be.  Formula  (25) 

u.  (i  ) u 

'"  T         4 

and  as  the  safe 

m  ^=  1000  pounds-inch, 
we  have 

1000  =  "or 
4 

U  rr:4000  pOUuds. 

The  value  of  the  rivets  against  bending — (4000  pounds  each)  — 
being  their  least  value,  will  control  the  design.  Each  cover-plate 
therefore  requires 

~ —  =  29  rivets,  and  from  S  to  end  we  shall  require  145 

4000  '• 

rivets  in  each  flange.  From  S  to  T"  we  require  only  29  rivets,  but 
thev  will  have  to  be  spaced  more  frequently  to  comply  with  the  rule 
for  greatest  pitch,  or  Formula  (107),  accordingly  the  pitch  of  the 
latter  should  not  exceed  =  16.1^  8  inches. 

Fio-ure  207  shows  a  plan  of  the  top  flange  of  left  half  of  girder. 
Plate  No.  6  might  have   stop^^ed  at  S,  but   is   carried   two  rivets 


FLANGE    RIVETS.  127 

further  to  avoid  breaking  under  a  beam,  whicli  rested  on  the  girder 

at  this  point.      The  si^lice   of  plate  No.  1  has  been 

Splicing  the         made  iust  to  the  left  of  R,  where  plate  No.  5  might 
flange.  J  '  ° 

have  stopped  ;  we  must,  therefore,  carry  plates  Nos. 

5  and  4  at  least  29  rivets  beyond  the  splice,  which  has  been  done. 

Plate  No.  4  might  have  stopped  two  spaces  nearer  R,  but  for  the  spUce; 

Plate  No.  3  we  stoj)  at  the  right  number  of  rivets  to  the  left  of  Q, 

and  plate  No.  2  to  the  left  of  P.      Plate  No.  1,  which  might  stop  29 

rivets  to  the  left  of  O,  we  decide  to  carry  to  the  end. 

The  countersunk  rivets  shown  come  under  beam  or  column  ends. 
The  blank  spaces  were  to  bolt  column  plates  to.  The  blank 
spaces  for  beams  were  marked  on  later  from  memoranda  in  the  con- 
tractor's shoji. 

Having  detailed  our  flange,  which  will  be  the  same  both  for  top 
and  bottom  flange,  we  will  now  consider  the  web. 

The   size   of   web  we   settle  from   Formula  (124)  and   have  for 

_..   ,  ,       thickness  J,  assuming  that  there  will  be  no  more  than 

Thickness  of  '^ 

^^"'  six  rivet-holes  in  any  vertical  section,  or 

J  =  36  — 6.|  =  30f"; 

,         182500         ^., 

0^- =0,  (4 

30f.8000 

or  nearly  f".       The  web,  however,  was  made  |"  as  the  above  was 

required  only  at  the  one  extreme  end  and  through  its  rivet-holes. 

The  effect  of  decreasing  the  breadth  of  web  being,  of  course,  to  raise 

the  actual  shearing  per  square   inch   at  this   point  to  a  little  over 

9000  pounds  per  scjuare  inch. 

„,^  .„  AVe   next   decide  where  stiffeners  are  required; 

Where  stiffeners  ^ 

are  required,  ^g  „gg  Formula  (127)  and  have 

_  12000. 1 .  36. 

^~       I    0,0003.  36^ 

=:  135000  pounds. 

Or  we  require  stiffeners  from  the  end  to  the  point  where  the  vertical 
shearing  is  less  than  135000  pounils. 

By  referring  to  Figure  200,  we  find  this  would  be  about  ten  feet 
from  the  end. 

The  stiffeners,  however,  were  placed  more  frequently,  as  shown  in 
Figure  206,  both  for  looks,  and  as  there  was  some  danger  of  heavier 
loads  being  placed  on  the  centre  of  girders,  which  would,  of  course, 
increase  the  vertical  shearing  near  centre.  Tliese  stiiTcners  were 
made  of   6"  x  6"  x  ^"    angle    irons,    wiih    6"  x  |"  x  24"    filler    plates 
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behind  them,  so  as  not  to  bend  the  stiffeners.  The  filler  plates  being 
cheaper  than  would  be  the  cost  of  blacksmith  work  involved  in  bend- 
ing these  angles  around  the  vertical  legs  of  flange  angles.  Their 
upper  and  lower  ends  were  "milled"  off  and  made  to  bear  firmly. 
Now  as  to  value  of  rivets  through  web,  we  should  have  for  bearing 
I".  I".  12000  =  6562  pounds;  for  shearing,  being  in 

double  shear,  twice  the  value  previously  found  for 

rivets.  „  ,  IP 

single    shear   or,    2.4800  =  9600    pounds;    and   tor 

bending  we  have  a  |"  circular  beam  of  -|"  span.  The  safe  bending- 
moment  we  previously  found  to  be  1000  pounds-inch,  the  actual 
bending-moment  is  -^,  therefore 


Value  of  web 


!^=1000  and 
8 
u  =  12800  pounds, 
Or  the  value  against  bending  would  be  12800  pounds. 


As  the  bear- 


o      o      Ol 
O       O       O      (| 


KIVETS  HERE  SHOWN  TO  BE 
COUNTERSUNK  ON  UNDER  SIDE 


OF  lowt:r  flange 

SATvIE  AT  OTHER  "ENI> 

riG.208. 

ing  value  (6562  pounds)  is  the  smallest  we  will  use  that  in  determin- 
ing the  number  of  rivets  in  web. 

For  end  stiffeners  we  use  Formula  (125) 

1  '>000  i  16 
Number  of  rivets  *  — i^-ovyj 


in  end  stiffeners. 

=  122500  pounds. 
Or  we  should  need 
122500 


■    0,0003.36'^ 


6562 


=  18,6 


Or  we  should  need  some  1 9  rivets  in  the  end  stiffener,  we  therefore 
decide  to  use  a  filler  plate  24"  x  23|"  x  |"  each  side,  which  will  not 
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only  help  stiffen  the  web,  but  affords  us  the  room  to  get  in  the  neces- 
sary number  of  rivets,  without  cutting  more  than  six  rivet-holes  on  any 
Number  of  rivets  °"®  vertical  line.  Figure  208  gives  a  plan  of 
in  central  arrangement  of  web  at  end.  We  next  take  tlie 
stiffener  located  some  4'  6"  from  the  end.  The  verti- 
cal shearing  here  (see  Figure  200)  is  163000  pounds. 

From  Formula  (126)  we  have  therefore  strain  on  this  stiffener 
12000.1.36 


163000 


1 


0,0003.362 


=  28000  pounds. 
Or  we  should  need 
28000  _  ^  g 
6^62  ~    ' 
or   say  five  rivets,    we   must,   however,   locate   them   oftener,  see' 
Formula  (107). 

We  next  decide  to  splice  the  web  at  the  point 
Splicingthe  ^    shown  in  Figure  206,  and  as  shown   in  plan  Figure 
210. 
The  vertical  shearing  at  this  point  (see   Figure  200)  is   163000 
pounds,  we  need,  therefore,  each  side  of  joint 
163000       „.  „ 

— —  —  /4,o 

6562 

or  say  25  rivets.     Including  those  in  the  angles,  which,  of  course,  help 

splice  the  joint,  we  have  26  each  side. 

We  next  settle  the  size  of  splice   plate  by  Formula  (114).      We 

shall  have  for  its  neat  breadth 

&  =  24"— 6.|  =  18|" 

and  have  for  thickness  of  si^lice  plates 

,  163000  „„, 

183.12000         ' 

As  there  are  two  plates,  one  each  side  of  the  web,  we  shall  make 

each  one-half  the  above,  or 

say  I"  thick,  remembering, 

however,  to  fill  out    behind 

the  aiiLile  with  an  additional 

SECTION  OF  I"  Miick  ((iller)  i)late. 

ZLANGE  SPLICE.  W 

Numberof  rivets       »>  ^^  '""St 
connecting  web  next  settle 
and  angles,    thenmnber 
of  rivets  connecting  the  antrle  and  the  web. 
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The  vertical  through  moment  of  resistance  curve  (Figure  199)  at 
the  centre  measures  276"  and  the  axis  x  y  in  (Figure  202)  we  made 

=  120000  pounds, 
therefore,  from  Formula  (93)  the  bending-moment  at  centre,  or : 

W2centre=276.  120000 

=  33120000  pounds-inch. 
This  divided  by  the  depth  will  give  the  horizontal  flange  strain 
from  centre  to  end  of  girder,  see  Formula  (121),  or 

33120000         ac>(^l^(^f^  i 

s  =  — =:  920000  pounds. 

This   again   divided   by  the   least  value   of   web  rivets,  which  we 
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FIG.  210. 

previously  found  to  be  6562  pounds,  gives  the  total  number  of  rivets 
required,  or 

920000       ,,. 

-— ;=:  140 

6562 

In  reaUty  we  have  placed  143  rivets  from  centre  to  end,  so  as  not 

to  place  the  central  ones  too  far  apart.      Again  take  a  point  just 

under  the  column   (or  w,^)  say  fourteen  feet  from  the  left  reaction. 

The  vertical  (Figure  199)  measures  225",  therefore  bending-moment 

at  tVjx)  or 

my-    =225.120000 

IX 

=  27000000  pounds-inch 
and  horizontal  flange  strain 
27000000 


36 


750000 


and  required  number  of  rivets 
750000 


6562 


114 
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In  reality  there  are  only  113  between  this  point  and  end,  but  that 

is  near  enough,  as  it  spaces  more  evenly  so.     Again,  take  a  point  at 

the  first  load  to  the  left,  or  «'xi  which  is  four  feet  from  left  reaction. 

The  vertical  (Figure  199)  measures  75",  therefore  bending-moment, 

m^  =75.120000 
zi 

=  9000000  pounds-inch 
and  horizontal  flange  strain  to  end 

9000000      o-AAAA 

s  = :=  2o0000 

36 

Therefore  number  of  rivets  required, 

250000  _  gg 

65(52 

In  reality  there  are  42  rivets. 

It  will  be  noticed  that  in  allowing  for  horizontal  flange  stress  we 

take  all  the  rivets  to  the  very  end  of  girder,  this,  of 

Length  of  bear-  course,  is  right;  although  before  right  through  for 
ing on  reactions.  . 

convenience  we  have  considered  the  end  as  at  the 

reaction.     The  amount  the  girder  will  run  over  the  reaction  will  be 

determined  by  the  crushing  strength  of  the  wall,  or  pier,  or  column 

it  is  supported  by. 

In  our  case  we  have  a  bearing  21"  x  16  =:  336  square  inches,  and 

therefore  load  per  square  inch  on  masonry 

182500        ,,„  , 

:= =z  o43  pounds 

336  ^ 

per  s(|uare  inch.     This  was  distributed  onto  the  brickwork  by  heavy, 
ribbed,  enlarged  cast-iron  plates. 

The  only  thing  remaining  to  be  done  now  is  to  figure  the  deflection. 

In  Figure  199  we  draw  the  vertical  lines,  1,  2,  3,  5,  6,  etc.,  through 

the    moment  of   resistance  curve,  the    distance  be- 
Deflection 

found      tween  them  (/,)  being  practically  60",  the  first  one 
graphically,  j^^jj^^  ^  j^^^jj  distance.     In  Figure  203  we  carry  down 
those  lengths  in  succession  on  line  m  1,  2,  3,  etc.,  to  a.     We  select 
our  pole  z  arbitrarily  at  a  distance 
2y  =  1000". 
In    Figure    201    we   now   construct   the    deflection    curve.      The 
longest  vertical  is  in  the  centre  of  girder  and 
=  f,=  243". 
The  moment  of  inertia  of  the  section  of  the  girder  at  the  centre 
will  approximate  very  closely  to  58000  (for  exact  amount  see  Table  I, 
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section  No.  14)  and  remembering  that  for  built-up  plate  girders  of 

wrouglit-iron  we  must   use   a   modulus   of   elasticity  equal   to   only 

18000000  pounds-inch,  we  have  the  central  deflection,  in  inches,  of 

the  girder  (see  Formula  97) 

o  _  243.60.  1000.  120000  _  ^  ^g,, 

18000000.59000      ~    '' 

The    safe   deflection,    not   to    crack    plastering,    would    be,    (see 

Formula  28) 

8  =  59.0,03  =  1,77" 

Or,  our  girder  is  amply  stiff.      Were  we  to  con- 

Def lection  by      gjder  our  load  as  equal  to  a  uniform  load  of  357500 
Table  XLI.  i 

pounds  we  could  use  the  approximate  formula  for 

deflection  given  in  Table  XLI,  and  should  have  had 

8  =  ^^=1,105" 
75.42        ' 

"VVe  must  add  one-half  to  this  for  a  modulus  of  elasticity  of  only 

18000000   (the   approximate  formula  being  based  on  27000000)  and 

would  have 

8  =  1,105+0,552  =  1,657" 

or  the  same  as  by  the  graphical  method. 

Or,  we  might  have   calculated  the  deflection  by 

found      Formula   (39)    again    considering   the    load    as    a 

arithnnetically.    uniform  load,  and  should  have  had 

-   _    5  35  7500.708  3 

^ ""  384'  18000000. 58000 

=  1,62" 

Or,  practically  the  same  result,  and  showing  how  closely  the  different 

methods  agree.     Had  we  figured  the  girder  arithmetically  we  should 

liave    obtained    practically    the    same    results     throughout.       We 

should  have  considered  our  load  as  a  uniform  load  of  357500  pounds, 

which  would  give  us   equal   reactions,  of    178750  pounds  each,  an 

trror  of  hardly  2  per  cent. 

The   bending-moment   at  the   centre   would    be, 
Bending-  = 

^rnU^^^tTA  Formula  (21), 

m  =  ^^I^*!'*Li^^  =  31638750  pounds-inch. 

The  required  moment  of  resistance  therefore,  would  be,  Formula 

(18), 

31638750^^^3 

12000 
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The  actual  moment  of  resistance  (by  section  No.  14,  Table  I)  will 
be  found  to  be  at  the  centre 

r  =2740  or  considerably  more  than  required. 
The  load,  however,  is  not  strictly  equal  to  a  uniform  load,  hence 
the  discrepancy,  we  should,  of  course, 
use  the  result  found  graphically,  which 
was  based  on  the  actual  conditions. 

In  figuring  the  girder  arithmetically 

the  required  moments  of  resistance  at 

different  points  along  the  girder  should 

be  ascertained ;  after  which  the  curve 

of  moments  of  resistance  can  be  laid 

out  and  the  flanges,  web,  rivets,  etc., 

of    girder,   calculated    the    same    as 

already   explained.       If    our    girder 

were  not  braced  sideways  we  should 

have  to  calculate  for  lateral  flexure, 

using  Formula  (5).      For  the  area  a 

we  should  take  the  area  of  top  flange 

at  centre,  plus  two  angles  and  the  part 

of    web   between   angles.       For    the 

eqnare  of  the  radius  of  gyration  we  should  take  the  same  parts  around 

Lateral  flexure,  ^"^   ^^^^  M.  .  .  N  at  right  angles  to  flange,  or  as 

top  flange,   shown  in  Figure  211.      We  omit  rivet-holcs  in  this 

case,  for  ease  of  calculation,  and  as  all  parts  are  in  compression. 

We  have  then 

a  =  3.21-1-2.9,73 -f(5.| 
^86,21  scjuare  inches. 
Now  for  g2^  not  finding  the  exact  section  in  Table  T,  we  must  find 
the  moment  of  inertia  /  and  divide  tliis  by  the  area. 
We  have  then 


fflT   Itl 


.       3.218  . 
^=-12-  + 
=  2468 


i.l2f8       5^.2|8 


12 


-f 


12 


Therefore  o^=  ^'^—  =  28,6 
5S  8(j,21 

and  from   Formula    (■'}),  I  being,  of  course,  the  span  of  girder  in 
inches: 


134  SAFE    BUILDING. 

3.86,21  .12000 

w  — — 

I    4.  708^^.0,000025 

"■  ¥. 

=  1149600  pounds. 

One-third  of  this  would  be  safe,  therefoifl 

"'=383200  pounds 
3  ^ 

would  be  the  safe  stress  in  flanges  not  to  cause  lateral  flexure,  or  the 

safe  stress  per  square  inch  should  not  exceed 

383200        .,,.  , 

=  4445  pounds. 

86,21  ^ 

The  actual  stress  will,  of  course,  equal  the  area  86,21  multiplied  by 

the  average  fibre  stress,  per  square  inch.     To  find  the  average  fibre 

stress,  use  the  following  Formula  : 


di- 
stress in      ..  ^fJ  (128) 


Average  fibre 
tress  ir 
flanges 


if) 


d 

Where  v  =  the  fibre  stress,  per  square  inch,  in  flanges  of  plate 
girders. 

Where  x  =  the  distance  of  the  centre  of  gravity  of  part  of  flange 
being  strained  —  (flange,  angles  and  part  of  web  between  them)  — 
from  the  centre  of  depth  of  web,  in  inches. 

Where  (  —  \  =  safe  modulus  of  rupture,  in  pounds,  per  square 

inch,  or  stress  on  extreme  fibres,  in  pounds  per  square  inch. 

In  our  case  this  distance  x  would  be  found  by  rule  given  on  p.  7, 
(Vol.  I),  and  would  be  (see  Figure  211) 

^  ^  21.3.19^  +  12f.ll7,a^  +  2f.5|.14,9^ 
86,21 
=  18,63 
Therefore  the  average  fibre  stress  from  Formula  (128) 

2.  18,63.12000 

V  = 

42 

=  10645  pounds. 

The  actual  total  compressive  stress  on  flange  will  therefore  be 

=  86,21  .10645 

=  917705  pounds. 

This  result  should,  of  course,  be  the  same  as  our  horizontal  flange 

stress,  previously  found,  and  by  referring  back,  we  see  that  this  was 

practically  the  same  (920000  pounds.) 
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Our  actual  compressive  stress  we  see  therefore  is  about  two  and 

one-half  times  larger  than  the  safe  stress  to  resist  lateral  flexure  as 

found  above  (383200  pounds.) 

We  should  therefore,  either  brace  the  girder  sideways  —  which 

was  done  by  the  beams  in  our  case —  or  we  should  have  to  broaden 

the  top  flange. 

.  We  can  readily  see  that  there  is   no   danger   of 

flange,  wrinkling  in  so  heavy  a  flange,  but  did  we  wish  to 

calculate  it,  we  would  do  so  by  Formula  (4)  or  Table  III. 

Since  the  publication  of   Table  XX,  the  Home- 
A  new  deep  ^ 

beam,   stead   Steel  Works  of  Pittsburgh   (E)   have  begun 

rolling  24"  deep  steel  beams  from  240  to  300  pounds  per  yard  in 
weight. 

The  data  in  regard  to  these  beams  is  as  follows  : 


Depth  of  beam  (rf) 

Weight  per  yard 

Width  of  flanges  (6) 

Thickness  of  web 

Area  of  each  Mange 

Area  of  web 

Total  area  (n) 

(  Moment  of  inertia  (i) 

Neutral  axis  \  Moment  of  resistance  (r) 

"°™eb.  '°     )  Sq.  of  rad.  of  gyration  (g=) 
'  Transverse  value  (Steel) 

(  Moment  of  inertia  (i) 

Neutral  axis  \  Moment  of  resistance  (r) 

^    web.          )  Sq.  of  rad.  of  gyration  (g  j. 
\  Transverse  value  (steel) 


24" 

24" 

300 

240 

7,20 
0,75 
G,83 
16,34 
30,00 

6,95 
0,50 
6,55 
10,90 
24,00 

2349,00 
195,75 

2061,00 
171,75 

78,30 

85,88 

1958000 

1718000 

47,13 

13,10 

41,65 
12,00 

1,57 

1,74 

131000 

120000 

CHAPTER   XL 

GRAPHICAL    ANALYSIS    OF    STRAINS    IN    TRUSSES. 

rr?HE  same  general  rules  -wbich  apply  to  beams  and  girders  apply 
A  equally  well  to  trusses ;  but  as  tbe  latter  are  made  up  of  a 
large  number  of  parts,  some  sustaining  tbe  loads  directly,  otbers 
transmitting  tbe  consequent  strains  and  thus  belping  indirectly  to 
sustain  tbe  loads,  it  becomes  difiicult  and  often  very  complex  to 
follow  out  all  tbe  strains  aritbmetically.  For  this  reason  the 
grapbical  method  is  generally  used,  and  for  the  architect,  who  has 
many  other  things  to  remember,  besides  strains  and  stresses,  will 
always  be  found  to  be  the  most  convenient. 

There  are  three  steps  necessary  in  designing  a  truss  : 

1st.  Ascertaining  the  amounts  of  loads  on  each  part,  and  their 
points  of  application 

2d.  Ascertaining  the  consequent  strains  on  each  member  of  truss. 

3d.  Designing  the  members  and  joints  of  truss. 

In  calculating  trusses  it  is  always  assumed  that  all  the  members 
meeting  at  any  joint  are  connected  by  a  single  pin,  and  are,  there- 
fore, at  liberty  to  move  around  this  pin,  until  they  assume  equili- 
brium towards  each  other,  when  of  coarse,  they  will  all  counter- 
balance each  other  and  remain  stationary.  All  loads  are,  therefore, 
assumed  to  act  directly  on  the  joints,  and  are  considered  as  vertical 
forces  at  these  points  (except  where  wind  is  allowed  for  separately). 
It  will  frequently  happen,  however,  that  the  loads  are  not  placed 
directly  over  the  joints. 

For  instance,  the  load  might  be  uniformly  distributed  over  the 
entire  rafter  (or  chord)  :  in  that  case,  we  should 
""""^Itr^afn  o^n  have  to  assume  one-half  the  load  on  each  panel  as 
members,  coming  directly  (and  vertically)  on  the  joint  (that 
is,  each  joint  would  act  as  a  vertical  reaction,  made  up  of  several 
parts),  and  afterwards  when  designing  the  truss  members,  we  should 
have  to  add  sufficient  material  to  the  rafter  (or  chord)  to  take  care 
of  the  transverse  strain,  due  to  the  uniform  load. 
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Or,  again,  we  might  have  a  load  ic\  as  shown  in  Figure  212.  The 
amounts  of  this  load  coming  on  joints  Xos.  2  and  3  would  be  figured 
exactly  the  same  as  reactions  (Formulae  14  and  15). 

In  these  formuljE  p  would  be  load  Xo.  2  ;  q  load  No.  3  ;  I  would 
be  the  length  of  rafter  from  No.  2  to  No.  3  ;  m 
''°'"Veac\ions.  '*^^"''^^  ^®  ^^^^  length  of  C  or  from  Xo.  2  to  load  ;  and 
71  would  be  the  length  of  D  or  from  load  to  Xo.  3. 

All  these  lengths  can  be  measured  either  along  the  rafter,  or 
horizontally  between  the  vertical  lines,  the  result  will  be  the  same. 

Where  loads  are  suspended  from  the  lower  chord,  or  what  amounts 
to  the  same  thing  —  rest  on  same  (as  ceilings  for  instance),  the  load 


MOJ 


riC  212 


can  be  considered  as  hanging  from  the  bottom  chord  as  shown  at 
w,„  Figure  212. 

This,  however,  seriously  complicates  the  strain  diagram,  it  is  better 

therefore  to  consider  (which  is  also  the  fact)  that 
Loads onlower    ^j^^  j^^^j  ^,__  j^  transferred  directly  to  No.  3  by  the 

tie-rod  A  B.  We  will  therefore  in  making  our 
strain  diagram  add  the  amount  of  ?<;,„  to  load  Xo.  3,  and  must 
remember  later  to  add  an  amount  of  tension  (equal  to  to,,,)  to  rod  A  B 
over  and  above  that  found  by  strain  diagram.  If  we  had  a  load  io„ 
placed  half-way  between/;  and  ii\„  we  should  have  to  make  the  tie- 
beam  or  lower  chord  sufliciently  strong  to  bear  this  transverse  load 
in  addition  to  the  tension  existing  in  it.  In  this  case,  the  point  «■,,, 
and/)  would  be  the  reactions  for  load  io„,  and  the  rod  .1  B  woiiltl 
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transfer  its  share  up  to  No.  3  in  addition  to  load  w,„.  But  as  a  rule 
it  is  more  economical  to  transfer  the  load  ?«„  up  to  joint  No.  2 
directly,  by  means  of  the  tie-rod.  AVhen  making  the  strain  diagram, 
however,  this  rod  should  be  omitted  and  the  truss  shown  as  at  H. 
Otherwise  it  will  be  found  that  the  corresponding  points  /and  g  of 
strain  diagram  would  coincide.  This  would  mean  that  there  was 
no  strain  on  F  G  due  to  the  strains  in  truss  ;  and  this  is  a  fact,  as 
the  only  stress  in  the  rod  is  in  resisting  the  direct  tension  due  to  the 
load  hanging  from  No.  2  by  the  rod. 

When  figuring  the  reactions  p  and  q  they  should  be  figured  by 

the  Formulfe  (14)  to  (17)  inclusive.  If  all  the  loads 
Reactions  at       ^^^    uniformly  or    symmetrically   placed    along   the 

truss,  each  reaction  will  be  just  one-half  of  the  total 
load.  If  not,  then  the  truss  is  considered  the  same  as  if  it  were  a 
beam  and  the  reactions  figured  by  the  formula,  the  distances  m,  n, 
r  and  s  are  measured  horizontally  between  verticals  as  shown ;  the 
distance  I  is,  of  course,  the  entire  (horizontal)  distance  from  p  to  q. 
Wind  can  safely,  as  a  rule,  be  assumed  to  act  vertically  on  the 

truss  and  to  simply  add  just  so  much  to  the  calcu- 

Allowancefor      lated  dead  load.     The  writer  generally  adds  for  this 

^'"''snow.  climate  (New  York  City)  30  pounds  per  square  foot 

of  surface  of  roof  (measured  on  the  slant,  not  hori- 
zontally). This  will  do  for  small  roofs  and  approximate  calculations 
of  large  roofs.     This  allowance  will  include  the  necessary  allowance 

for  snow,  for,  if  the  roof  is  steep,  the  snow  will 
General  Rule.       ^.^j^^^  ^^.^^  ^g^  ^^  ^^  ^^^^^   ^g^  ^^^  j^  ^•^^  ^.^^j  j^ 

flat  the  wind  pressure  will  be  very  much  smaller  and  the  reduction 
in  wind  pressure  will  fully  oifset  the  weight  of  snow. 

Of  course  taking  the  wind  as  a  vertical  dead  load  involves  two 
errors :  first,  the  wind  is  never  on  the  entire  roof,  as  it  can  mani- 
festly  act  on   one    side   only;    secondly,    the  wind   does   not   act 
verticallv.     Where  wind  pressure  is  calculated  sep- 
Separate  Dia-      arately  it  is  assumed  to  act  at  right  angles  to  the 
gram  for     g^-face  of  the  roof  and  on  one  side  only.     In  large 
trusses    this    should   always    be    done,    as    it    will 
frequently   be   found   that    stresses   in    certain    members   will   be 
reversed. 

That  is,  members,  which  under  a  dead,  vertical  load  show  only 
tension  or  compression  in  the  strain  diagram  may  (with  wind  taken 
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Reversal  of  normal  to  roof  and  on  one  side  only)  be  reversed 

strains.  ^^^  show,  respectively,  compression  or  tension. 

Iron  trusses,  over  eighty  feet  long,  need  some  arrangement  to 
allow  for  expansion  and  contraction.  In  roof  trusses  this  is 
provided  by  anchoring  down  one  end  and  leaving  the  other  end  free 
to  move  (horizontally)  by  placing  it  on  rollers. 

It  will  readily  be  seen  that  where  there  are  rollers  the  effect  on 
the  truss  will  be  very  different,  according  to  which  side  the  wind  is 
blowing  from.  In  such  trusses,  therefore,  it  will  be  necessary  to 
make  three  strain  diagrams,  one  for  vertical  dead  load  (including 
snow  but  no  wind);  one  for  wind  only  on  right  side ;  one  for  wind 
only  on  left  side. 

The  truss  must  then  be  designed  to  withstand  the  strains  due  to 
the  dead  load  only ;  and  enough  added,  where  necessary,  to  with- 
stand the  additional  or  different  strains  due  to  either  pressure. 
Where  both  strains  are  of  the  same  nature  they  should  be  added 
to""ether;  where  they  are  of  opposite  natures  they  will,  of  course, 
offset  each  other,  but  the  member  should  be  strong  enough  or  stiff 
enough  to  withstand  either  separately. 

As  the  wind  acts  horizontally,  it  will  on  striking  a  roof  of  course 

cause  a  different  pressure  at  right  angles  to  the  in- 

Wind  Pressure    clination  of  roof,  than  is  its  pressure  against  a  ver- 

Dependson     ^j^^j   surface.     This   pressure   will   therefore   vary 

Inclination!  ^  •' 

with  the  inclination  of  the  roof.     To  determine  it,  it 

is  assumed  that  the  greatest  wind  pressure  per  square  foot  of  roof 

surface  will  never  exceed  forty  pounds.     For  steep  roofs  with  an 

inclination  of   60°  to  90°  with   the   horizon,  this   is   the   pressure 

assumed. 

For  roofs  forming  smaller  angles  with  the  horizon  a  complicated 

trigonometrical  formula  is  used.     Its  results  are  as  follows  : 
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TABLE   XLIV. 

TABLE  OF  WIND  PRESSURES  ON  ROOFS. 


Angle  of  Iiiclinatiou  of  Kafters  witli 
Horizon. 

Pressure  or  Load,  in    pounds,  per 
square  foot  of  Roof  Surface. 

10^ 

9s 

15° 

14 

20° 

18i 

25° 

22^ 

30° 

26h 

35° 

30 

40° 

33J 

45° 

36 

50° 

38 

55° 

391 

60c 
to 
90° 

40 

Ikpproximate 
Rule  for  Wind. 


Allowance  for 
Snow. 


It  will  be  noticed  that  approximately  the  pressures 
in  pounds  are  about  eighty  per  cent  or  four-fifths  of 
the  number  of  degrees  of  the  angle  of  inclination. 

Where  the  wind  is  taken  separately  the  allowance 

for  snow  in  the  strain  diagram  for  dead  loads  should 

be  fifteen  pounds  per  square  foot  of  roof  surface. 

Having  once  ascertained  the  amount  of  load  on  each  joint,  the 

strains  on  the  different  members  of  the  truss  are  found  by  the  general 

methods  given  at  the  end  of  Chapter  I.     (Pages  69  to  74,  Vol.  I.) 

Particular  attention  is  again  called  to  the  method  of  notation,  and 
to  the  necessity  of  reading  off  the  pieces  in  their  proper  order,  and  of 
reading  around  each  joint  in  the  same  direction.  The  writer  always 
uses  the  direction  in  which  the  hands  of  a  watch  would  travel  around 
each  joint. 

In  calculating  the  strains  each  joint  can  be  analyzed  by  a  separate 
strain  diagram,  or  all  of  the  strain  diagrams  can  be  combined  into 
one.  As  the  latter  method  is  much  more  convenient  and  less  liable 
to  error,  it  is  the  one  always  adopted. 

In  laying  out  the  strain  diagram  we  begin  with  the  joint  with  the 
Drawing  of  least  number  of  members  and  this  usually  is  at  one 

strain  diagram,  of  the  reactions,  where  we  have  only  one  strut  and 
one  tie.     Having  found  these  strains  we  pass  to  one  of  the  joints  at 
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their  other  ends,  and  so  on.  The  reason  for  doing  this  is  that  it 
will  be  found  impossible  to  draw  the  lines  in  the  strain  diagram 
representing  any  joint  where  there  are  more  than  two  unknown 
strains.  By  beginning,  therefore,  with  a  joint  of  two  members 
only,  the  strains  on  these  can  be  found.  AVe  then  can  pass  to 
joints  of  three  members,  containing  at  least  one  of  the  former 
strains  and  so  on.  Figures  213  and  following  ones  give  a  large 
number  of  roof  designs  with  their  corresponding  strain  diagrams. 
We  will  analyze  one  or  two  of  these  and  the  student  can  puzzle  out 
the  rest. 

Only  a  few  will  offer  any  particular  difficulty,  and  these  Avill  be 
taken  up  and  explained  later. 

In  all  the  figures  dotted  lines  mean  that  the  dotted  member  is  in 

tension    and  full  lines  that  the  member  is  in  corn- 
Dotted  lines  in    pi-ggsion.     The  numbers  in  Figures  213  to  22S  .rjve 
tension.         '  .  . 

the  amount  of  strain,  in  pounds,  on  each  member 

due  to  one  pound  of  load  at  each  joint  for  roofs  with  inclination 
angles  as  shown  in  figures. 

All  that  is  necessary  therefore,  where  roofs  are  designed  similar 
to  any  of  these  figures,  and  with  same  inclinations  and  angles,  tff 


ascertain  the  amount  of  load  on  the  joints  and  then  multiply  the 
number  or  given  strain  on  each  member  by  the  amount  of  loail  on 
each  joint.  This  will  give  the  actual  amount  of  strain  on  each 
member. 

For  instance,  we  will  say  wc  have  designed  a  roof  truss  similar  to 
Figure  213  with  the  priiicijial  rafter  at  an  inclination  of  26°  80'; 
we  will  say  tlie  trusses  are  10  feet  apart  and  4><  feet  si)an,  and 
weight  of  roof  including  snow  and  wind  50  pounds  per  s(|uare  foot 
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measured  on  the  slant.     By  scaling  the  rafters  we  find  they  measure 
?7  feet  each  in  length,  therefore  load  on  each  joint 
=  y  .10.50  =  6  750  pounds. 
We  now  refer  to  Figure  213  and  have  the  strains,  as  follows  : 
Compression  on  rafter  B  (?=:  3,35.6750  =  -{- 22012  pounds. 
Compression  on  rafter  CiJ=  2,25.6  750  =  4- 15187  pounds. 
Compression  on  strut     GH^  1,1.6750    ^-|-    7425  pounds. 
Tension  on  tie  G  0  =  3,0.6  750    =  —  20250  pounds. 

Tension  on  tie  H  I  =  1,0.6750    := —    6750  pounds. 

Had  we  drawn  the  strain  diagram  and  made 

o  i  =  e/=:^"2^-^^3375  pounds  at  any  scale,  and  at  same 
scale  made  6c  =  cfZ  =  c/e  =  6  750  pounds,  we  should  find  that  at  the 
same  scale  the  respective  lines  would  measure : 

6^  =  22700  pounds. 

cZi;=  15200  pounds. 

gh^=    7400  pounds. 

^0=20300  pounds. 

hi^=    6750  pounds. 

and  to  ascertain  whether  these  strains  were  compression  or  tension 

we  should  follow  the  direction  of  each  line  at  each  joint  and  see 

whether  it  thrusts  against  or  pulls  away  from  the  joint. 

To  draw  the  strain  diagram  we  first  select  a  convenient  scale,  by 

which  we  will  measure  all  the  loads  and  strains.     We  now  draw  our 

load  line,  making  in   (Figure  213)  ai^the  load  on  A  B  the  foot  of 

main  rafter,  we  then  make  ic  =  the  load  on  joint  B  C,  the  next  one 

on  main  rafter,  c  rf  ^  the  load  on  apex  and  so  on  ;  as  we  know  the 

reactions  will  each  be  just  one-half  the  load,  we  locate  o  half  way 

between  /  and  a,  in  other  words  we  make  /o=:  reaction  FO  and 

0  a=:  reaction  0  A. 

To  get  the  strains  we  begin  at  the  joint  A  B  G  0  A  at  foot  of  main 

rafter,  for  here  there  are  only  two  unknown  strains. 
Where  to  begin.  ,       ,  .  V>  /-<        i  ^i     ^       • 

namely,  the  compression  on  h  (t  and  the  tension  on 

GO. 

In  strain  diagram  draw  h  fj  parallel  B  G ;  and  g  o  parallel  G  0  till 

they  intersect  at*/;    then  will  bg  be  the  amount  of  thrust  on  the 

joint  or  the  compression  in  B  G,  and  g  o  will  be  the  amount  of  pull 

on  the  joint  or  tension  in  G  0.     To  make  sure  of  these  we  read  off 

the  lines  following  the  proper  succession,  namely,  A  B,  B  G,  G  0, 

0  A  :  referring  now  to  strain  diagram  we  read  a  h,  this  is  down  or  a 
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vertical  load ;  next  b  g,  this  is  down  or  towards  the  joint,  therefore 
compression ;  next  g  o,  this  is  to  the  right  or  pulling  away  from  the 
joint,  therefore  tension ;  and  finally  o  a  (which  brings  us  back  to  the 
point  of  starting  a)  and  being  upward  is,  of  course,  the  direction  of 
the  reaction.  As  our  strain  diagram  is  a  closed  figure  ah  go  a,  we 
know  the  joint  is  in  equihbrium.     Had  we  failed  to  get  back  to  the 


point  of  starting  a,  we  should  have  known  there  was  some  missing 

member  to  the  truss  at  this  joint. 

On  the  other  hand,  if  we  had  had  two  letters  coming  onto  the  same 

point  —  (which  would  be  the  case  with  letters  Fand 

Superfluous         q  ^gj-e  we  to  draw  strain  diagram  for  Figure  212) 
members.  °  ,.       , 

—  we  should  know  that  the  member  or  line  between 

these  two  letters  was  superfluous  so  far  as  aiding  the  general  truss  is 

concerned.     We  now  (in  Figure  213)  pass  to  the  next  joint  with 
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only  two  unknown  strains.  This  is  evidently  the  joint  at  half  the 
height  of  rafter,  we  have  just  found  the  amount  of  compression  on 
GB — (note  that  we  now  read  GB  and  not  B  G  as  before,  for 
around  this  new  joint  the  hands  of  a  watch  would  travel  in  the 
direction  G  B)  —  and  the  only  unknown  strains  are  the  com- 
pressions on  CH  and  on   H  G.      In  strain  diagram  we  draw  ch 


parallel  CH  and  h  g  parallel  H G  till  they  intersect;  cTi  will  then 
be  the  amount  of  compression  on  CiJ  and  hg  the  amount  of  com- 
pression on  H  G.      We  now  read  off  the  pieces  in  succession  B  C, 


®  \  Q) 

C B.^   HG  and    G  B;   and   in    strain   diagram;    be,   downwards, 
therefore  a  vertical  load ;  c  h  downwards  towards  joint,  therefore 
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compression  ;  h  g  to  tbe  left,  towards  joint,  therefore  compression  ; 
and  (/  h  upwards  towards  the  joint,  tlierefore  compression  ;  as  our 
figure  is  a  closed  one,  we  having  arrived  back  at  the  point  of  start  b, 
the  joint  is  in  equilibrium.  We  next  examine  similarly  the  joint  at 
apex  and  at  centre  of  horizontal  tie.     The  joints  to  the  right  will  be 


similar  to  the  corresponding  left-hand  joints,  as  the  truss  is  uniformly 
loaded.  Figures  214  and  215  are  similar  to  213,  the  only  difference 
being  in  the  increased  pitch  of  the  rafter. 

When  we  analyze  Figure  216  we  first  take  the  joint  A  B  at  foot 


riG.  219. 

of  rafter ;    next  the  joint  B  C  immediately  above ;    next  the   first 
joint  along  tie-rod;  next  the  second  joint  along  rafter  and  so  on. 
Figures  217,  21 8  ^  and  219  are  pimilar.     Figures  220,  221  and  222  will 
•  Anglo  of  rafter  (or  angle  Z)  in  Figure  218  is  2fi  30'. 


146 


SAFE    BUILDING. 


present  no  difficulty ;  nor  will  Figures  226, 227  and  228,  but  in  the  latter 
three  we  find  that  we  cannot  follow  the  above  rule  of  passing  from  a 
joint    along  rafter   to  one  on  tie-rod ;    for  we  begin  at   joint  A  B 


(Figure  226)  and  find  the  strains  BS  and  SO;  we  next  pass  to 
joint  B  C  and  find  the  two  unknown  strains  C  R  and  R  S ;  were  we 
now  to  pass  to  the  joint  at  the  tie-rod,  we  should  find  it  impossible  to 
continue,  for  there  would  be  three  unknown  strains,  namely,  R  N, 


iVJ/and  MO;  but  if  we  pass  first  to  joint  CD  we  find  the  two 
unknown  strains  D  N  and  N  R,  and  then  going  back  to  the  joint  at 
tie-rod,  there  remain  only  two  unknown  strains  NM  and  MO 
which  we  can  now  find. 
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Figure  223,  we  will  find,  presents  a  difficulty  at  the  joint  C  D  and 
this  truss,  in  effect,  cannot  be  analyzed  by  the  same  method  as  the 
others. 

We  begin  at   joint  A  B  and  find  the  unknown  strains  B  L  and 

L  O  ;  we  pass  to  the  joint  B  C  and  find  the  strains  C  M  and  M  L  ;  we 

now  pass  to  first  joint  along  tie-rod  and  find  the  strains  M  N  and 

NO;   we  now   pass   to  joint    CD   but  find   three 

Analysis  of  unknown    strains  D  S,  S  R  and  R  N;   we  try  the 

Figure  223.  ,  .  '  'J 

second  joint   along  tie-rod,  but   this,  too,  has  three 

unknown  strains  NR,  R  U  and  U  0 ;  so  have  all  the  other  joints, 

we  are,  therefore,  completely  stopped.     We  reason,  however,  that 


the  duties  of  L  M  and  M  N,  are  apparently  the  same  as  those  of 
T  S  and  5  R,  namely,  to  truss  transverely  the  long  (half)  lengths  of 
rafter.  As  the  loads  are  the  same  on  all  joints  we  will  assume  that 
SR=MN  and  TS  =  LM. 

We  can  now  continue  our  work,  for  at  joint  C  D  there  only 
remain  two  unknown  strains  7)  .S  and  RN.  Passing  to  the  second 
joint  along  lie  we  can  continue,  for,  N R  being  now  known,  there 
only  remain  the  two  unknown  strains  R  U  and  U  O. 

This  method  of  reasoning  is  correct,  where  loads  are  uniform  and 
the  rafter  divided  into  four  equal  panels ;  were  this  not  the  case,  we 
should  have  to  find  the  strain  on  R  N  first,  and  by  one  of  the  methods 
shown  in  Figures  21'.ia  and  'I'l'.ih. 
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In   the  former  we    assume    (temporarily)    that   the   intermediate 
panels  or  joints  do  not  exist. 

We  take  care  to  reproportion  our  loads  on  the  joints,  as  properly 


there  are  now  only  two  panels  to  main  rafter,  where  before  there 
were  four. 

We  now  find  the  strain  on  R  N  without  any  difficulty  by  drawing 
a  separate  strain  diagram  similar  to  the  one  shown  in  Figure  220  and 
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having  found  the  strain  on  R.  N  we  proceed  with  oui'  original  strain 
diagram  annexed  to  Figure  223. 


Or,  we  will  assume  (temi)orarily)  that  Figure  223  is  altered  to 
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have  three  struts  as  shown  in  Figure  223J,  taking  care  to  keep  R  N 
the  same,  and  the  divisions  of  rafter  the  same,  the  loads  on  joints 
will  therefore  not  be  changed.  We  now  find  R  N  without  difficulty 
by  drawing  a  separate  strain  diagram  on  the  principle  of  that  shown 


in  Figure  226 ;    and  having  found  R  N  proceed  with  our    original 
strain  diagram  without  difficulty. 

Figures  224  and  225  are  similar  to  Figure  223,  excepting  the  incli- 
nation of  main  rafters,  and  angles  between  rafters  and  tie-rods. 


Figures  213  to  219  are  best  adapted  to  wood,  or  wood  and  iron 
construction  ;  while  Figures  220  to  228  are  best  adapted  to  iron  con- 
struction, they  being  on  the  principle  of  a  pair  of  incUned  trussed 
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beams  tied  together  at  one  point  and  there  taking  up  the  horizontal 
thrust  due  to  the  incHnation.      Sometimes,  if  more  convenient  for 


^r 


flG.  ^3  a 


securing  roof  beams,  etc.,  the   principals  are  made   of  wood,   the 
bahmce  of  truss  usually  bein^  of  iron. 

There  are,  of  course,  many  different  truss  designs;  based  on  those 
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given  in  Figures  213  to  228  and  they  can  be  similarly  analyzed. 
Figure  229  shows  a  "  Howe  "  truss  with  six  bays, 

owe    russ.        .^  ^jjj  present  no  difficulty  in  analyzing. 

The  central  vertical  member  is  not  needed  unless  the  weights  are 
placed  along  the  bottom  chord,  in  which  case  it  will  be  needed  to 
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transfer  the  load  to  the  top,  and  all  the  other  verticals  will  be 
increased  over  the  strains  shown  in  diagrams  by  the  amount  of  their 
respective  loads  on  bottom  chord. 

This  truss  is  frequently  drawn  and  used  upside  down  from  that 
shown  in  Figure  229,  in  which  case  all  the  strains  will  be  reversed 
(see  Figure  230),  those  in  compression  in  Figure  229  becoming 
tension  in  Figure  230 ;  and  those  in  tension  in  Figure  229 
becoming  compression  in  Figure  230.  It  will  also  be  found  that  the 
central  vertical  member  is  needed,  if  the  loads  are  j^laced  along  the 
top  chord.  If  the  loads  (in  the  reversed  truss,  Figure  231)  are  placed 
along  the  bottom  chord  the  central  vertical  will  not  be  needed,  and 
as  the  loads  will  be  taken  up  to  the  top  chord  by  means  of  the  slanting 
ties,  it  is  better  in  this  case  to  make  a  strain  diagram  with  the  load 
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arrows  in  their  right  place  and  as  shown  in  Figure  231.      The  end 
loads  of  this  and  subsequent  trusses  have  been  omitted,  as  they  do 

o 


nCJiSla. 


FIG.  231 

not  affect  the  strain  diagrams,  and  unnec- 
essarily increase  the  number  of  letters 
used.  It  will  be  noticed  that  the  entii-e 
strain  diagram  and  each  part,  is  the 
reverse  of  what  it  was  in  Figure  229. 
There  is,  however,  no  difficulty  in 
analyzing  this  truss. 

In  Figures  232  and  233  we  have  two 
examples  of  the  "  Warren  "  t  r  u  s  s .  ^ 
Here,  too,  it  will  be  seen  that  the  reversing 
of  the  truss  reverses  all  the  strains.  If 
the  loads  were  along  the  bottom  chords  we  should  have  to  draw  the 
Warren  Truss,  arrows  in  their  proper  places.  Figure  235  gives  an 
example.  In  Figure  234  we  have  an  example  of  a  "  lattice  "  truss. 
This  cannot  be  analyzed  unless  we  divide  it  into  two  reversed 
Lattice  Truss.  Warren  trusses  as  shown  in  Figures  232  and  23:{. 
We  analyze  each  of  these  separately,  and  then  imagine  them  laid 
over  each  other,  adding  together  the  separate  strains,  where  they 
cover. 

If  there  were  vertical  members  in  Figure  234,  we  should  analyze 
it  by  dividing  it  into  two  reversed  Howe  trusses,  like  those  in 
Figures  229  and  230.  In  this  case  our  widths  of  i)anels  would  be 
the  same  as  in  the  original  truss,  and  we  should  use  all  the  verticals 
in  both  trusses,  tlie  loads  therefore  to  l)e  assumed  on  each  of  the 
joints  of  the  divided  or  part  trusses  should  be  only  one-liulf  oj  the 
original  loads.  The  "  Whipple  "  truss  is  on  the  Howe  truss  principle 
with  verticals  bisecting  the  diagonals.  This  truss 
can    be    analyzed    same    as    the   Warren    latticed 

'Tlie  true  "  Warren"  truss  usujilly  li:us  tlu;  iliagonalH  drawn  at  (10  '  inclinntiou. 


Whipple  Truss. 
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truss,  by  dividing  it  into  two  halves,  each  having  every  other  vertical 
and  every  other  diagonal,  and  consequently  a  full  load  on  each  joint. 
Arched  trusses  are  usually  built  up  of  a  series  of  panels  formed  on 
the  Howe  or  Warren  or  latticed  truss  principles,  the  only  difference 
being  that  their  top  and  bottom  chords  instead  of  being  horizontal, 

9 


NO  STRA.IN 

CD     0)   10)     ®     (p 

A  i    B    i   C    i    d\1    E    1    F    I   G 


NO  i 

(p      ®      0    i® 
.   1    B    1    C    1    d\1 


?hTjT 


o 

(^  flG.  2.34  (4Ji 

are  made  up  (or  assumed  to  be  made  up)  of  a  series  of  straight  lines 
at  different  inclinations.  They  are  analyzed  without  difficulty,  where 
they  do  not  have  horizontal  tie-rods  or  abutments  to  take  up  their 

horizontal  thrusts. 

Figure  236  is  an  example  of  an  arched  truss  built  on  the  Warren 

Arched  principle.      It  will  be  noticed  that  the  struts  B  F 

Trusses,  and  F  0  are  shown  as  if   coming  to  a   point.      If 

this  were  done  in  practice  the  truss  in  all  probability  would  not  have 
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sufficient  bearing.      AVe  should,  therefore,  enlarge  the  foot  of  truss, 
bv  means  of  heavy  plates  and  angles,  but  our  calculation  will  have  to 


S)     (D    o: 

riG.  235 


FIG.  235  a 


HG  235  bi 


be  made  as  drawn,  or  we  will  find  the  analysis  of  the  truss  impossible 

Figure  237  shows  a  latticc<l  arched  truss,  built  upon  the  Howe 

principle.     This  we  separate  into  two  reversed  Howe  trusses.  Figures 
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238  and  239  and  find  no  difficulty  in   analyzing  the  strains.      We 
must  remember,  however,  to  use  only  half  loads  at  each  joint. 

In  separating  the  truss  we  note  that  in  Figure  239,  we  have  the 
additional  tension  member  J I  (see  Figure  229)  ;  and  in  Figure  238 
the  members  KJ  and  ^— v  ^— ^ 

I H  are  in  tension  in-  ^i^  ^-^ 

stead  of  in  compression 
as  they  were  in  Figure 
230.  These  changes 
are  due  to  the  fact  that 
the  upper  and  lower 
chords  are  broken  in- 
stead of  straight  lines, 

Had  the  truss  been 
a  Warren  latticed 
truss,  we  should  in 
separating  find  that  we 
had  only  half  theA 
number  of  joints  and 
hence  would  use  the  full 
load  on  each.  (?>j 

J 


FIG.  236  a 

Where  there  is  a  horizontal  tie  or  abutment  to  take  up  the 
horizontal  thrust  of  an  arched  truss,  we  must  find  the  amount  of 
this  thrust  by  the  rules  given  at  the  end  of  Chapter  I  and  at  the 
beginning  of  Chapter  V  (both  in  Vol.  I).  Having  found  this  we 
draw  an  arrow  at  the  foot  of  the  truss  in  the  proper  direction  to 
represent  this  tie  (if  a  rod)  or  thrust  (if  an  abutment)  and  then 
proceed  to  analyze  the  truss  without  difficulty. 
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Scissors  Truss. 


In  Figure  2-40  we  have  what  is  known  as  a  "  scissors  "  truss.  It 
can  be  built  in  either  wood,  or  iron,  or  a  combina- 
tion of  both.  For  small  spans  it  is  a  clieap  truss 
where  a  vaulted  ceiling  is  needed.  If  we  attempt  to  analyze  this 
truss  in  one  strain  diagram,  as  is  done  in  Figure  243,  we  first  take 
the  lower  joint  A  B  and  find  the  two  unknown  strains  B  G  and  G  0. 
At  the  next  joint  B  C  there  remain  three  unknown  strains,  we 
therefore  abandon  it  for  the  present  and  pass  to  the  joint  at  the 


riG.  237 


apex,  here  there  are  but  two  unknown  strains  Z)  J'and  J  C  and  we 
find  them  by  drawing  in  our  strain  diagram  Figure  243  the  lines  dj 
and  /  c.  parallel  to  them. 

Having  now  found  the  point  j  in  the  strain  diagram  there  is  no 
difficulty  with  the  rest. 

This  truss  is  really  a  combination  of  two  trusses ;  we  might  Iniild 
it  by  dividing  it  horizontally  along  the  line  ///  as  shown  in  Figure 
240.  We  should  then  have  a  bottom  truss  with  two  inclined  struts 
B  G  and  E  K,  and  one  horizontal  strut  J  If  und  two  ties  G  O  and 
A'  O,  the  loads  on  the  joints  B  ./and  J  E  will  each  be  increased  by 
lialf  of  the  apex  load.  Over  this  truss  we  should  have  another 
truss,  with    two  indincMl    struts  J  C   and  /)./  and  a  horizontal  tie 
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J H.  This  truss  transfers  its  load  to  the  lower  truss.  Now  the 
remarkable  thing  that  we  have  discovered  is  that  the  member  J  H  is 
at  one  and  the  same  time  both  in  compression  and  tension.  If  we 
analyze  the  top  truss  separately  (Figure  241)  and  also  the  bottom 
truss  (Figure  242)  we  find  that  the  compression  greatly  exceeds  the 
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tension;  the  member,  however,  should  be  designed  to  resist  both, 
having  straps  at  the  ends,  sufficient  to  take  up  the  tension.  The  actual 
stress  in  the  member  itself  will,  of  course,  be  the  difference  between 
the  two,  and  by  referring  to  our  single  strain  diagram  (Figure  243) 
we  see  this  clearly,  for  hj  is  the  difference  between  h  o  the  tclal 
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compression  andy  o  the  total  tension.     Usually  there  is  a  bolt  at  the 
joint  H  0  connecting  the  two  ties.     This  is  done,  as,  when  the  wind 


blows  from  one  side  only,  the  tie  pointing  to  that  side  becomes  a 
etrut  and  is  stiffened  by  being  reinforced  at  this  joint. 
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Figure  244  represents  what  is  known  in  Gothic  architecture  as  a 

"  hamrner-beam  "  truss.     We  can  analyze  this  truss 

Hammer-  jjj  ^^^  ways,  first  (Figure  244)  assuming  that  the 

beam  Trussi  •'  v     o  /  o 

wall  takes  up  the   thrust  of   the   truss,  due  to  the 

absence  of  any  horizontal  tie;  or  second  (Figure  246)  we  can  con- 
sider the  truss  as  composed  of  two  inclined  trussed  rafters  united  at 
tiieir  upper  joints  and  so  taking  up  their  own  thrust. 

The  latter  method  will  require  a  very  much  heavier  truss. 

In  the  latter  case  the  semicircular  member  in  the  central  panel 
becomes  a  tie,  but  the  two  lower  quarter-circle  members  do  not  act 
at  all,  while  in  the  first  assumption  the  reverse  is  the  case,  the  two 
lower  quarter  circle  members  acting  as  struts,  while  the  semicircular 
member  has  no  duty.     In  either  case,  however,  these  members  come 
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into  play  under  wind-pressure  calculated  from  one  side  only;  it 
should  be  remarked  here  that  when  drawing  the  strain  diagram  all 
curved  members  must  be  assumed  to  be  straight  —  (as  shown  at  L  0 
in  Figure  244  and  at  Y  0  and  T  0  in  Figure  246).  Of  course,  the 
stress  to  resist  the  strain  thus  found  will  be  greatly  increased  when 
the  curved  member  is  called  upon  to  do  the  same  duty  as  a  straight 
member.  The  increase  in  stress  is  equal  to  that  produced  on  a  beam 
of  the  length  of  the  curved  member  with  a  hending-moment  at  its 
centre  equal  to  the  original  strain  multiplied  by  the  (longest)  versed 
f-ine  of  the  circle,  or  : 


Increased  stress 
in  curved 
membersi 


(129) 


Where  7?i  =  the  (cross)  bending-moment,  in  pounds-inch,  exist- 
in  a  curved  strut  or  tie  at  its  centre  due  to  lonfritudinal  strain. 
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"Where  .« =  the  calculated  longitudinal  strain  that  would  come 
on  the  strut  or  tie  if  it  were  straight,  in  pounds,  per  square  inch. 


FIG.  24  5. 


PIG  247 

Where  r=  the  lenirlli,  in  inches,  of  tlie  loncrest  versed  sine  of 
the  curve  (at  the  centre.) 
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If  the  longest  versed  sine  is  not  at  the  centre,  the  bending-moment 
m  will  be  at  the  point  where  the  longest  versed  sine  is  located.  Of 
course,  the   curved  member  must   be   designed   to  resist   both  the 


Example  of 
curved  strut 


longitudinal    strain    and    the    additional 
I^  strain  due  to  the  bending-moment. 

Example  I. 

A    Georgia  pine   strut  is  10  feet  long 

{measured  on  a  straight  line)  but  is  curved, 

the  versed  sine   at  centre 

being  20  inches.    It  resists 

a  compression   strain    of    15000  pounds. 

What  size  strut  is  required  ? 

The  bending-moment  at  centre  will  be 
Formula  (129) 

m=  15000.20  ==300000  pounds-inch. 

The  safe  modulus  of  rupture  ^  — ^  J  for 

FIG.  248.        Georgia  pine  (Table  IV)  is  1200  pounds. 
Inserting  these  values  in  Formula  (18)  we  have  the  required  moment 
of  resistance  to  this  bending-moment : 
300000 


r  = 


1200 


=  250. 
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From  Table  I,  Section  Xo.  2,  we  have  for  a  rectangular  cross- 
section 

r  =   '      therefore 

h^=  250,  and 
6 

6.^/2  —  1500 

If  now  we  make  rf  =  1 2  inches,  we  should  require  a  width 

1500       ,„  ,  .     , 

b  = =  10,4  inches. 

144 

It  should  be  noted  that  d  must  always  be  assumed  in  the  direction 
of  the  versed  sine,  that  is  resisting  the  bending-moment. 

We  must  now  add  sufficient  material  to  resist  the  longitudinal 
compression.  As  the  strut  will  evidently  be  nearly  square,  12  inches 
will  be  our  least  diameter,  inserting  therefore  values  in  Formula  (3) 
we  should  have  (assuming  the  ends  to  be  secured  by  bolts  only)  : 

"^  12 

a  =;  36  square  inches. 
Now  as  a=.h.d  and  d  having  been  fixed  at  12  inches  we  should 

have, 

6  =  f  I  =  3  inches. 

Adding  this  to  the  above  we  should  require  a  strut, 

12inches'x  (10,4 +  3)=:  12  X  13,4 

In  practice  we  should  probably  make  it  12  inches  X  12  inches. 

Example  II. 

The  lower  chord  of  a  tcroughl-iron  arched  truss  is 

Example  of  ynade  of  a  channel  iron.     At  one  panel  the  length  he- 

^^''"^      '  ■     tween  bearings  is  5  feet ;  the  tension  3Q000  pounds , 

the  versed  sine  of  the  curve  G  inches.      What  size  channel  is  required? 

The  bending-moment  7n  will  be 

m  =  36000.0  =  216000  pounds-inch. 
Inserting  values  in  Formula  (18)  we  have   required  moment  of 

resistance 

_  210000  _jg 

''~  12000 

The  additional  area  required  to  resist  the  direct  tension  will  be 

36000       „  .     . 

a  =     — —  =  3  sciuare  inches. 

We  now  consult  Table  XXI.     We  take  the  neutral  axis  normal  to 


1G4  SAFE    BUILDING. 

web,  as  this  will,  of  course,  be  the  position  of  channel  in  the  truss 
and  in  resisting  the  bending-moment. 

We  select  for  a  trial  the  10|^  inch — 105  pounds  per  yard 
channel;  its  area  a  is  10,5  square  inches,  and  its  moment  of 
resistance  r  ^  24,64.     Now  of  the  area  3  square  inches  resists  tension 

7  5 
leaving  us  7,5  square  inches  or  — ~-  ^  4  of  the  whole  amount  to  resist 
'■  10,5        ' 

cross-bending.  The  amount  of  r  available  to  resist  cross-bending 
will,  therefore,  be  =  f.r  =  f .24,64  =  1 7,6. 

This  is  not  quite  equal  to  the  required  r  (18)  but  is  near  enough 
for  all  practicable  purposes,  we  should,  therefore,  use  a  lOi  inch 
—  105  pounds  per  yard  channel. 

We  will  now  return  to  our  hammer-beam  truss.  Assuming  then 
that  the  wall  is  capable  of  resisting  the  thrust  we  should  analyze  our 
truss  somewhat  similarly  to  the  way  we  did  with  the  scissors  truss. 

On  the  left  side  of  truss  (Figure  244)  we  omit  the  circle  corres- 
ponding   to    0  W    entirely,    and    draw    the     one 

Truss  with  corresponding  to  (9  F  straight.     We  now  can  assume 

abutment.  ^  °  ,  ,       .  «  ^ 

that  we  can   divide   the   truss  horizontally  at  F  O 

which  will  give  us  a  truss  above  P  0  similar  to  Figure  213  and  a 
truss  below  it  consisting  of  an  inclined  trussed  strut  running  from 
bottom  joint  X  to  joint  C  D  with  a  horizontal  strut  P  O  and  an 
outward  thrust  O  Z  to  be  resisted  at  its  foot.  To  obtain  this  out- 
ward horizontal  thrust  0  X  we  will  temporarily  consider  the  inclined 
trussed  strut  as  a  straight  line  running  from  joint  A'  to  CD.  The 
load  will  evidently  be  three-quarters  of  the  load  coming  on  the 
entire  rafter,  if  then  in  Figure  247  we  make  a  a:  =  this  load  or  =  3  in 
our  case,  and  draw  x  o  horizontally  and  o  a  parallel  to  the  straight 
line  (representing  the  inclined  strut  in  Figure  244)  we  shall  have 
the  amount  of  the  horizontal  thrust  x  o.  We  can  now  make  separate 
strain  diagrams  for  the  upper  and  lower  trusses,  in  which  case  we 
will  find  that  for  the  upper  truss  there  exists  a  tension  just  equal  to 
o  X  in  the  member  P  0  and  for  the  lower  truss  there  exists  a  com- 
pression just  equal  to  o  x  in  the  member  P  0.  In  other  words  there 
is  no  stress  in  P  0.  This  is  confirmed  by  drawing  the  combination 
diagram  (Figure  245)  where  p  and  o  fall  on  the  same  point. 

That  these  strains  just  equal  each  other  is  due  to  the  design  of 
the  truss  and  its  uniform  loading.  Were  the  design  of  the  parts  less 
symmetrical,  or  the  load  not  symmetrical,  or  the  wind  on  one  side 
only,  the  two  strains  would  not  be  found  to  be  equal. 
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In  Fin'ure  240  where  we  consider  the  wall  as  incapable  of  taking 
Truss  without  up  the  thrust,  and  the  truss  has  to  take  care  of  it 
abutment,  jt-ggif^  jt  ^yill  be  found  that  this  horizontal  member 
(now  called  P  Y)  is  in  tension. 

The  drawing  of  the  strahi  diagram  (Figure  248)  presents  no 
difficulty,  but  it  will  be  seen  that  nearly  all  the  strains  on  the  truss 
are  very  much  larger. 

The  actual  thrust  of  the  truss  Figure  244  on  the  wall  will  be 
parallel  to  and  equal  to  a  o  of  Figure  245.  To  resist  it  there  must 
be  weight  enough  to  deflect  this  line  sufficiently  not  to  overturn  the 
wall.  This  subject  was  thoroughly  treated  in  Chapter  Y,  Vol.  I, 
under  the  heading  "  Arch  with  Abutment." 

The   analysis    of    strains   due    to    wind    pressure,   when    taken 

separately  on  one  side  of  the  roof  only,  and  at  right 

Wind  load-hne    jjQcrles  to  same,  is  treated  the  same  as  for  dead  loads, 

normal  to  roof.        o  '  ,  .     / 

excepting  that  the  load    line  is  no  longer  vertical, 

and  is  drawn  therefore  parallel  to  the  wind  arrows  (that  is,  at  right 

ano-les  to  the  main  rafter  on  which  wind  blows).     Where  the  roof  is 

a  broken  one  the  wind  load  line  is  broken  also,  its  different  parts 

being  proportioned  to  the  amounts  and  parallel  to  the  directions  of 

the  wind  on  the  different  parts. 

It  will   be  readily  seen   that   the  left   and  right 

Wind  reactions   j.ya^.tiQn^  Jug  to  the  wind  cannot  be  equal,  and  the 
unequal.  ^  , 

calculation  of  these  reactions  offers  the  only  difficulty. 

Let  us  take  a  truss  similar  to  the  one  shown  in  Figure  240  and 
overlooking  the  steady'or  dead  load  assume  that  the  wind  is  blowing 
from  the  right  hand  side.     Its  effect  will  be  as  shown  in  Figure  249. 

The  pressure  on  the  apex  or  A  B  will  be  equal  to  half  the  length 
of  rafter  B  G  multiplied  by  the  product  of  the  distance  between 
trusses  and  the  wind  pressure  per  square  foot,  as  given  in  Table 
XLIV.  It  is  indicated  by  the  arrow  A  B.  The  pressure  in  the 
middle  joint  —  indicated  by  arrow  5  C  —  will  be  this  same  (latter) 
product  multiplied  by  the  sum  of  half  the  length  oi  B  G  plus  half  the 
length  of  E  C.  The  pressure  at  the  foot  —  or  arrow  CD  —  will  be 
the  same  product  multiplied  by  half  the  length  of  E  C.  The 
reactions  at  p  and  7  which  resist  this  wind  pressure  will  evidently  be 
in  the  opposite  direction  to  the  wind,  or  slanting,  as  shown.  If, 
therefore,  the  truss  and  dead  load  is  not  heavy  enough  to  sufficiently 
deflect  these  reactions,  there  would  need  to  be  bolts  or  buttresses  at 
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/;  and  q  to  keep  the  truss  from  sliding-off  the  walh      This  will  be 
explained  at  the  end  of  the  chapter  in  speaking  of  spires. 

We  now  have  the  amount  and  direction  of  wind  pressures  and 


-^ 


.^"f 


.m-2pi". ..].... n-38r 

1-59' 


FIG.249.  ,a'^ 


FIG  249a. 


direction  of  the  reactions,  but  we  do  not  know  the  amounts  of  the 
reactions,  as  they  evidently  cannot  be  equal. 
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If  we  imagine  the  neutral  axis  of  the  entire  wind  pressure,  that  is 
the  entire  wind  pressure  concentrated  at  the  point  1  at  the  centre  of 
the  length  of  rafter,  tlie  effect,  so  far  as  reactions  are  concerned  will 
be  tlie  same. 

"We  now  draw  the  horizontal  line  P  Q  connecting  the  feet  of  rafters, 
prolong  the  centralized  wind  pressure  (or  neutral  axis)  arrow  1 
till  it  intersects  P  Q  at  2,  then  will  the  reactions  P  and  Q  be  inversely 
as  the  divisions  of  line  P  Q;  that  is,  if  P  Q  =  l  and  P2  =  m  and 
2  Q  =  n  and  the  whole  wind  pressure  =  w,  we  should  have 


w.n 
reactions.  ^'      '    I 

and 


Amount  of  wind  n  :=^^^l^  flSO) 


tv.m 

Where  7?^  the  amount  of  (slanting)  left  reaction,  in  pounds, 
due  to  wind  pressure. 

Where  ^  =  the  amount  of  (slanting)  right  reaction,  in  pounds, 
due  to  wind  pressure. 

Where  I  =.  the  length,  in  inches,  measured  horizontally  between 
centres  of  feet  of  truss. 

Where  m  and  n  =  respectively,  in  inches,  the  lengths  into 
which  the  horizontal  line  is  divided  by  the  prolongation  of  the  centre 
line  (or  neutral  axis)  of  wind  pressure,  m  being  nearer  p  and  n 
nearer  q. 

The  analogy  between  these  formula;  and  Formulae  14  to  17  should 
be  noticed.  The  analyzing  of  the  strains  by  means  of  the  diagram 
Figure  249a  will  present  no  difficulty.  We  draw  a  b  parallel  and 
equal  the  pressure  A  B  a,t  the  apex,  bc  =  B  C  pressure  at  central 
joint  and  cd  =  C D  pressure  at  foot.  Along  this  load  line  ad  vre 
now  lay  off  in  opposite  directions  the  reactions,  namely, 

do^=^D  0  or  reaction  q 
and 

0  n:=z  0  A  or  reaction  /;. 
We  first  find  the  strains  on  the  foot  joint  0  A  by  drawing  a  h  o  a, 
then  skip  to  the  apex  joint  and  draw  ah  ga;  the  rest  presents  no 
difliculty. 

It  will  be  noticed  that  the  cffict  of  the  wind  is  to  reverse  the 
strains  on  two  jiicciis. 

The  upper  part  of  the  rafter  on  the  side  on  which  the  wind  is 
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blowing  is  now  in  tension,  whereas  in  Figure  240  it  was  in  compres- 
sion ;  further  tlie  tie  H  O  now  bucomes  a  thrust  member  opposing 
the  wind,  where  before  it  was  in  tension. 


FiG.aso. 


FlG.250a. 


Had  we  drawn  the  wind  on  the  left  side  of  truss  the  calculation 
would  have  been  similar.  The  direction  ol  j)  and  q  would  have  been 
from  right  upwards  to  the  left ;  p  would  have  been  the  larger 
reaction  and  we  should  have  found  the  strains  same  as  in  Figure  240, 
except  on  A  G  which  would  become  tension  and  on  H F  (or  0  E) 
which  would  now  become  compression.     It  is  not  necessary  to  make 
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more   than   one  wind    diagram,  therefore,  where   both  feet  of   the 
trusses  are  boUed  down. 


nG.251a. 


If,  however,  one  foot  only  were  bolted  down  and  the  other  foot 

were  placed  on  rollers,  to  allow  for  expansion  and 

rollers,  'contraction,  we  should  have  to  make  two  diagrams, 

with  the  wind  from  left  and  right  respectively,  as  it 

makes  a  decided  difference  to  the  strains  as  shown  in  Figures  250 

and  251.       In  Figure  250  the  wind  is  from  the  right  with  rollers 

under  the  left  or  opposite  foot  of  truss;  in  Figure  251  the  wind  is 

from  the  left  and  the  rollers  arc  under  the  left  (or  same)  foot  of 

truss.     It  will  be  readily  seen  that  in  both  cases  the  (left)  roller  foot 

will  not   oppose  any  tendency  to  slide  due  to  the  wind,  the  riyht 
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foot  must  therefore  be  bolted  down  to  resist  this  tendency  in  both 

cases.     We  can  readily  see  therefore  that  in  Figure  251,  the  member 

HF  or  0  E  must  be  a  brace  to  keep  the  truss  from  sliding  towards 

the  ri'dit  foot,  whereas  in  Fizure  250,  it  must  be  a  tie  to  hold  back 

the  truss  from  sliding  away  from  the  right  foot.     The  strain  diagrams 

will  show  this  to  be  the  case.     To  obtain  the  reactions  we  proceed  as 

before,  so  far  as  the  central  wind  pressure  (^)  and  lines  P  2  and  2  Q 

are  concerned,  but  it  is  evident  that  the  reaction  P  will  be  vertical, 

while  the  reaction  Q  will  no  longer  be  in  direct  opposition  to  the 

wind  as  shown  by  dotted  line,  as  it  is  deflected  from  this  line,  owing 

to  the  horizontal  (sliding)  strain  to  be  taken  up  from  the  other  foot. 

We  therefore  draw  in  Figure  250a  the  load  line  ah  cd  as  before, 

also  the  reactions  do^=.q  and  o,  a  =p-     Through  a 

Wind  opposite     ^^        ^^le  vertical  projection  a  o  of   a  o,  —  (that  is 
rollers.  ^     ■' 

draw  0,  o  horizontally  and  a  o  vertically)  — then  will 

o  a  be  the  amount  of  vertical  reaction  p  and  d  o  the  direction  and 

amount  of  vertical  reaction  q.      The  rest  of  the  strain  diagram  is 

easily  drawn,  remembering  to  take  the  foot  joint  first  and  then  to 

skip  to  the  apex  joint. 

To  analyze  Figure  251,  it  must  be  treated  in  exactly  the  same  way 

^.   ^  ..^-     and  it  offers  no  difHculty.      We  notice  that  Figure 

Wind  on  roller  " 

side.        250  has  strains  similar  to  those  in  i  igure  240  except- 

ino-  the  upper  part  of  rafter  on  the  wind  side,  which  is  now  in  tension. 

In  Figure  251,  however,  things  are  greatly  changed.     The  upper  end 

of  rafter  becomes  a  tie,  both  ties  become  struts  and  the  short  strut 

GF  (or  J  H'va.  Figure  240)  now  becomes  a  tie. 

Wind  strains  and  steady  loads  can  be  calculated  from  one  strain 

in  diagram,  as  shown  in  Figure  252  and  Figure  252a. 

Wind  and  load     r^^i^^  j^  ^   combination  of    the  conditions  obtaining 

in  one  diagram.  ,  ,     ,  .       ,.  c 

in  Figures  240  and  249  and  the  strain  diagram  ot 

their  respective  strain  diagrams.  Figures  243  and  249a.  By  simply 
following  around  the  arrows,  as  there  shown  (first  obtaining  the 
amounts  ol  A  B  and  K  0)  the  diagram  offers  no  difficulty  whatever. 
If  an  actual  example  were  figured  out,  first  separately,  as  shown  in 
Figures  240  and  249,  and  then  in  combination,  as  shown  in  Figure 
252,  the  result  would  be  the  same,  remembering  to  make  all  com- 
pressive strains  positive  and  all  tension  strains  negative  and  to 
obtain  the  arithmetical  result  of  the  consequent  additions  or  sub- 
tractions.    A  practical  example  will  he  given  in  the  next  chapter. 
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AVhere  the  roof  rafter  or  top  chord  of  a  truss  is  not  in  one  straight 
line,  but  is  made-up  of  a  series  of  differently  inclined  lines,  as  in  a 


riC.253a 


broken  roof,  or  in  a  circular  or  arched  truss,  the  wind  pressure  will, 

of  course,  be  at  different  angles  too,  each  at  right 

broken  roof-  ^^S^^^  to  its  respective  surface.     We  can  in  such  a 

case,  work  out    separately  the   reaction  due  to  the 

wind    pressure   on    each   surface,    and    then   obtain   the  resultant 
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(reaction)  of  all  these  lesser  ones,  as  explained  on  p.  71,  Vol.  I,  or 
we  can  combine  them  all  into  one  diagram.  In  Figure  253,  we  have 
a  mansard  roof  with  wind  pressure  from  the  right.  We  draw  the 
neutral  axis  (or  central  lines)  of  wind  pressure  on  each  rafter  pro- 
long them  to  their  intersections  with  the  horizontal  and  can  thus 
figure  out  the  respective  reactions  due  to  each.  In  the  strain 
diagram  Figure  253a  we  now  draw  c  e  parallel  and  equal  to  totiil 
wind  pressure  (3)  on  rafter  F D;  and  a  c  parallel  and  equal  to  total 
wind  pressure  (1)  on  rafter  B  G.  Draw  e  a  and  it  will  be  the 
direction  and  amount  (sum  of)  the  actual  reactions.  Now  to  get 
each  reaction  separately  make  e  o„  =  to  reaction  q  of  wind  jjressure 
(3)  on  F  D  ;  and  co,  =  to  reaction  q  oi  wind  pressure  on  G  B ;  of 
course  o„  c  and  o,  a  Avill  equal  the  reactions  p  due  to  the  resjjective 
wind  forces.     Or  we  micrht  divide  e  c  and  c  a  so  that 

e  o„  :  o„  c  =  P  4  :  4  Q 
and 

CO,:  0,  a  =  P2:  2  Q 

We  now  draw  o„  o  ])arallel  c  a  and  if  we  have  drawn  correctly  o  o, 
must  be  parallel  e  c.  Ha\-ing  found  o  the  rest  of  the  diagram 
presents  no  diflicidty.  We  make  ah^=  A  B  or  pressure  at  apex ; 
bc  =  B  C  pressure  at  joint  C  due  to  wind  on  G  B ;  c  d^C  D 
pressure  on  same  joint  C  due  to  wind  on  F D  and  finally  d  e  ^  D  E 
pressure  at  foot  and  proceed  with  the  other  lines. 

W^ere  we  to  make  a  strain  diagram  for  a  steady  load  on  all  joints 
we  should  find  similar  strains  on  all  members  except  ///.  This  is  a 
compression  member  of  the  truss,  but  becomes  subjected  to  tension 
when  the  wind  blows  from  the  right. 

Similarly  G  F  would  become  tension  if  the  wind  were  from  the 
left. 

We  will  consider  the  tendency  of  wind  to  overturn  roofs,  and  this 

can  best  be  done  by  calculating  one  or  two  practical 

Wind  tendency    oxamijlcs  of  steeples.       Before  doin<x  this,  however, 
to  overturn  *  ,        ,  ,    ,  ,  ,  r 

roofs,  the  student  sliould  be  warned  to  always  arrange  for 

tcind  braces,  that  is,  diagonal  ties  between  the  trusses 
and  in  a  plane;  at  right  angles  to  the  trusses.  The  object  of  these,  is 
u>  make  ail  the  trusses  (that  is  the  entire  roof),  act  as  one  mass  and 
thus  keep  the  wind  from  lilowing  over  each  truss  individually,  and 

thus  (■ollaj)sing  the  rcjof.  The  arrangement  of  tliese 
Wind  braces.        ^j^^  ^.^^,^^_^  ^^.;,^^  circumstances.       They  are  usually 

j)]ac<Ml    iniiiieiliatelv   uuilcr    tlie    roof    surface,   that    is,   from   foot   of 
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one  rafter  to  apex  of  next  rafter  on  each  side.  If  the  rafters  are 
long  they  are  placed  diagonally  in  the  individual  panels.  Sometimes 
a  longitudinal  truss  is  made  the  entire  length  of  ridge,  by  wind 
bracing  from  both  sides  of  each  apex  to  centre  of  each  neighboring 
main  tie. 

Example  HI. 

A  wooden,  slate-covered  steeple,  27'  6"  high,  covers  a  24'  square 
brick  tower.  The  walls  are  16"  thick  at  the  top  and  the  steeple  is 
anchored  doivn  four  feet  into  the  walls.  Is  this  sufficient  to  keep  it  from 
blowing  over? 


It  makes  no  difference  just  how  the  anchoring  is  done,  it  can  be 
either  by  means  of  iron  anchors  bolting  the  plate 

steeple. 


°°  ®"  down  to  the  masonry  below,  or  by  means  of  wooden 


trestle  work  built  inside  and  against  the  walls,  which 
will  also  force  the  steeple  to  lift  the  walls  from  their  bearings,  before 
the  steeple  can  topple  over. 

The  wind  pressure  on  one  side  of  the  roof  will  be  the  area  of  this 
side  multiplied  by  40  pounds  per  square  foot  (see  Table  XLIV)  and 
it  will  act  or  can  be  considered  as  centralized  at  the  centre  of  gravity 
of  the  side,  wliich,  being  a  triangle  would  be  at  one-third  its  height, 
or  at  D  in  Figure  254.  The  length  of  rafter  will  be  30',  therefore 
area  of  one  side  =  30.1 2  =  360  square  feet,  and  wind  pressure 
i^i>  =  360.40  =  14400  or  say  15000  pounds  total  wind  pressure 
which  we  consider  as  centralized  at  D  and  normal  to  rafter.  Resist- 
ing this,  we  have  the  dead  load,  that  is  the  weight  of  steeple  and  of 
the  masonry  as  far  as  steeple  will  have  to  lift  it. 

Taking  the  weight  of  steeple  at  20  pounds  per  square  foot  (makino', 
of  course,  no  allowance  for  snow)  and  weight  of  brickwork  at  112 
pounds  we  have  weight  of  (four  sides  of)  steeple, 
=  4.360.20  =  28800  pounds. 

Weight  of  masonry 

=  4.  (24  — li).4.H2  =  54208  pounds, 
or  total  dead  (vertical)  load  =  83000  pounds. 

We  now  draw  c  a  parallel  and  =  15000  pounds,  the  wind  pressure; 
and  a  b  vertically  and  =  83000  pounds,  the  dead  load.  Draw  c  b  and 
from  intersection  G  of  jPDwith  the  main  vertical  neutral  axis  of 
the  dead  load  draw  G  K  parallel  c  h  till  it  intersects  the  horizontal 
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joint  line  A  B,  which  we  draw  four  feet  below  the  tops  of  walls  or  at 
the  anchor  level.  We  now  use  Formulge  (44)  and  (45)  to  obtain  the 
extreme  edgre  strains  at  .1  and  B. 


c  >>/«, 


FIC.254a. 


FIC.254. 

We  have  these  values  : 

p  =  the  pressure  =  c  6  =  91000  pounds. 
x=:M  K:=1S"  (by  measurement) 
d  =  AB=24:.12  =  288" 
a  =  area  of  wall  at  A  B  =  4.16".  (288  —  16) 
=  17408  scjuare  inches. 
We  have  then  for  pressure  at  nearer  edge  B 
_ 91000   ,g    18.91000 
17408    '      '17408.288 
=  +7,21  pounds   compressive   pressure,    per   stjuare 
inch  ;  and  at  A 

91000 .     18.91000 

1  7408  ~  '■  1  7408.288 
=  -f"3,25  j)Ounds  compressive  pressure,  per  scpiarc  iiidi. 
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If  the  latter  value  had  been  a  negative  one,  we  should  have  had  to 
rely  on  the  quality  of  the  mortar  not  to  tear  apart  at  A  and  thus 
allow  the  steeple  to  fall.  It  would  be  better,  however,  in  sucli  a  case 
to  carry  the  anchoring  process  further  down,  and  thus  gain  more 
dead  vertical  load  to  resist  the  wind  pressure. 

Example  IV. 

A  square  stone  steeple  has  12"  stone  sides  at  the  top  ;  19  feet  from 
the  top  vertically,  the  length  of  side  is  1 2  feet.  Is  the  steeple  safe  against 
tcind  pressure  at  this  point  ? 

This    example    is  intended  to  show  that  we  can 
Stone  steeple.  ' 

examine  any  point  of  steeple  similarly  to  the  manner 

of  examining  the  base. 

In  Figure  255,  A  D  measures  12  feet=  144" ;  MC^  19  feet  and 
CD  scales  20  feet,  hence  area  of  each  side  =  6.20=:  120  square 
feet,  and  weight  of  each  side  approximately  r=r  120.150  =:  18000 
pounds  and  weight  of  four  sides  or  vertical  load  =  4.18000  =  72000 
pounds. 

Tlie  wind  pressure  will  be 

=  120.40  r=  4800  pounds  and  will  be  centralized  at  B 
or  one-third  the  height  of  A  C. 

We  draw  B  G  normal  to  ^  C  till  it  intersects  CM  at  G. 

Make  a  6^  72000  pounds  and  vertical,  draw  c  a  =  4800  pounds 

and  parallel  B  G  and  draw  a  h  which  scales  74000  pounds.      Draw 

G  K  parallel  c  b  and  we  find  K  is  4"  distant  from  centre  of  joint  M. 

The  area  of  joint  is  =  4.11.144  =  6336  square  inches.      We  have, 

therefore,  pressure  at  nearer  edge  of  joint  D, 

74000   ,    „    4.74000 
—  +6. 


633G    '        6336.144 
=  4"  13,65  pounds,  per  square  inch, 
and  at  edge  A 

_  74000  _       4.74000 
~  6336  ■  63^6.144 

=  -|-9,75  pounds  per  square  inch. 
In  a  similar  manner  we  might  examine    any  other   joint  of  the 
steeple. 

It  will  be  found  that  at  the  very  top  or  near  it  the  greatest  danger 
exists.  The  finial  frequently  exposes  a  large  surface  to  the  wind 
and  almost  at  right  angles  to  the  vertical  dead  load,  deflecting  this 
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line  much  more  in  proportion.  Then,  too,  the  mortar  is  so  much  ex- 
posed that  it  cannot  be  reHed  on.  For  this  reason  there  is  placed 
usually  a  vertical  iron  tie-rod  from  the  finial  to  some  point  below, 
frequently  even  below  the  springing  line  of  the  steeple.  This 
arranj^ement  is  all  right,  ])rovided  the  rod  is  j^roperly  put  in.  The 
writer  has  seen  ponderous  rods  2"  diameter  or  more  and  perhaps, 
fifty  or  sixty  feet  long,  intended  as  tie-rods,  that  had  become  so 
loosened   by  contraction  and    expansion   that  they  could  be  easily 


riG.  255. 


LotO 

^  CM 

O 

lZ 


uj  TT  lO 
Ei,  in  lO 

Q     ci)    cj> 

■^  in 
U  in  in 
J  CM  rvj 
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swayed  back  and  forth  by  the  hand.  Hence  their  only  service  was 
their  own  dead  weight. 

The  way  to  put  in  such  rods  is  to  leave  the  lower  end  free  to  move 
Vertical  tie-  vertically,  that  is  up  and  down,  but  secure  it  against 
rods  in  steeples,  j^^p^^l  movement  and  then  to  attach  to  the  lower 
end  a  heavy  weight,  proportioned  according  to  circumstances. 

In  figuring  the  allowance  for  wind  it  is  customary  to  take  only  one- 
half   the  usual   allowance  for   circular   or   surfaces 

'an<fes°for         slanting    to  the  direction   of  wind.       This    is    done 

different        because   thev   offer   less   resistance    than    a   flatlv 
surfaces.  •' 

opposed  surface,  allowing  the  wind  to  slip  by  more 

readily.     In  a  circular  steeple  we  should  take  as  our  area  the  luUf 

circumference  of  base  multiplied  by  the  length  on  the  rafter  line  and 
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multiply  this  by  only  one-half   the  pressure  for  wind  as   given   in 
Table  XLIV.     This  usually  would  be  20  pounds  per  square  foot. 

For  an  octagonal  roof  we  should  assume  full  pressure  on  the 
central  surface  and  only  half  pressure  on  the  two  side  surfaces. 
Where  the  octagon  is  a  regular  one,  this  would  amount  practically 
to  assuming  double  pressure  on  one  surface  only. 

There  is  no  danger  of  a  steeple  blowing  over  diagonally,  as  the 
sides  would  in  such  a  case  present  slanting  surfaces  to  the  wind, 
allowing  it  to  slide  off  readily ;  and  besides  the  base  line,  being  the 
<iiagonal  of  the  square,  would  be  so  much  longer. 

On  vertical  (wall  surfaces)  the  writer  usually  allows  only  for  a 
maximum  wind  pressure  of  30  pounds  per  square  foot,  for,  as  a  rule, 
they  (or  part  of  them)  are  low  down  near  the  ground  and  therefore 
not  exposed  to  the  full  force  of  the  wind. 


CHAPTER  XII. 

WOODEN    AND    IRON    TRUSSES. 

IN  Figure  256  we  have  the  design  of  one-half  of  an  ordinary  king- 
post truss,  with  three  bays  to  each  principal  rafter.     Figure  257 
gives  the  strain  diagram  and  Figure  258  the  design  of  the  truss  in 
detail.     The  length  of  principal  rafter  is  25  feet  6  inches,  therefore 


PIG    256 


length  of  each  bay  8  feet  6  inches.     The  trusses  in  the  building  from 

which  this  example  has  been  taken  had  to  be  spaced 

Large  spaces      f^j.   apart — 19  feet  from  centres  —  on    account  of 
extravagant.       .,.    '  ,      ,    ,.  ,  ,  .       , 

ceihng    and    skyhghts;    this,    however,   is    not    an 

economical  arrangement,  as  it  increases  not  only  the  sizes  of   the 

truss  members,  but  of  all  the  purlins  as  well.     The  weight  assumed 

was  55  pounds  per  scjuare  foot  of  roof  surface,  being  made  up  as 

follows : 


Slate, 

Plaster, 

Boards  and  construction, 

Wind  and  sncjw, 

Total 


7  pounds. 

8  ])Ounds. 
10  pounds. 
30  j)ouuds. 

55  pounds. 
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The  slate  was  the  ordinary  roofing  slate ;  if  the  slate  used  had 
been  called  for  of  even  thickness  and  ^  inch  thick  the  allowance 
would  have  been  10  pounds. 

The  weight  of  "  Boards  and  construction  "  was  estimated  and  not 
checked  off,  in  this  case.  In  important  constructions  and  particu- 
larly in  ironwork,  this  should  be  carefully  weighed  up. 

The  load  on  each  joint  of  our  truss  was  therefore : 
19.8^.55  =  8882  pounds, 
or  say  9000  pounds  on  each  joint,  excepting,  of  course,  the  joints  at 
reactions  which  carry  only  half-loads. 


FIG.  257. 


The  loads  on  the  truss  being  symmetrical,  each  reaction  will  be 
one-half  the  total  load  or  27000  pounds. 

There  is  no  difficulty  in  drawing  the  strain  diagram,  or  in  finding 
the  stresses  in  each  member,  the  latter  are  marked  on  Figure  256, 
the  positive -|- sign  denoting  compression,  and  the  negative — sign 
tension. 

We  now  proceed  to  detail  the  truss.     The  principal  rafter  will 

evidently,  though  not  necessarily,  be  made  in  one  piece  from  foot  to 

apex,  the    largest    strain  —  at  the  bottom   panel  — 

Detailing  -will  therefore    determine   its   size.       This  is   58400 

wooden  truss.  ,  .  n^^  r^         •  •  l       .l       « 

pounds   compression.       Ihe   ratter    is    evidently    a 

series  of  columns  each  8  feet  6  inches  long,  or  comparatively  short 

columns ;  for  the  struts  brace  the  rafter  against  yielding  downward ; 
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the  loads  and  tie-rods  keep  it  from  yielding  upwards  ;  and  the  purlins 
keep  it  from  yielding  sideways.      The  safe  compression  per  square 


no  253. 

inch  on  Georgia  pine  (see  Table  IV)  is  750  pounds.     Without  bother- 
Principal  rafter.  ^"°  ^^^^  *^^  complex  Formula  (3)  for  columns,  we 
will  assume  that  we  can  safely  use 

(  ->  j  ^  "00  pounds  in  our  case, 

we  require  then  in  the  main  rafter  an  area  of  cross-section 

58400 


700 


83,4  square 

inches, 

or  say  a  timber  8^  inches  x  10 
inches.  This  we  increase  to 
10  inches  X  10  inches  to  allow 
for  cutting  away  at  bolt-holes. 

If  the  purlins  had  not  been 
placed  directly  over  the  joints 
we  should  have  to  increase  this 
size  to  provide  for  the  trans- 
verse strain  in  each  panel.  In 
such  a  case  we  should  have  a  beam  8  feet  6  inches  long,  supported  at 
both  ends.      The  transverse  load  on  the  beam  would  not  be  the  full 


FIG.  260. 
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vertical  load,  but  only  its  resultant  normal  to  the  rafter,  as  shown  in 

Figure  260. 

If  C  Z)  were  drawn  at  any  scale  equal  to  the  vertical  transverse 

„  _.     ,,     _,       load  on  rafter  A  B,  draw  ED  parallel  rafter,  and 
Vertical  load         t^  ^  , 

on  slanting     h  C  normal  to  same,  then  will  E  C  measured  at  same 

scale  as  Z)  C  represent  the  transverse  load  on   the 

rafter   ^-1  B,  the  latter  being  considered  as  a  beam  of  length  A  B 

supported  at  .4  and  B. 

Returning  to  our  truss ;    if   it  were  not   supported    sideways  by 

purlins  we  should  have  to  greatly  increase  the  size  of  rafter,  to  guard 

against  lateral  flexure,  see  Formula  (5). 

The  stress  in  tie-beam  is  54000  pounds  tension,  the  safe    [-7]  for 

Georgia  pine  (Table  IV)  is  1200  jDound';,  therefore 
Tie-beam.  , 

re(^uired  area 

54000       ,^  .     , 

a=z. — ~— ^  :=45  square  inches. 
1200  ^ 

In  a  wooden  truss  the  principal  members  are  naturally  of  same 
thickness,  therefore  we  should  require  4^  inches  x  10  inches  to  resist 
tension.  To  this  must  be  added  the  necessary  area  for  bolt-holes, 
transverse  strain  due  to  ceiling  hanging  to  tie-beam,  etc.  In  our 
case  the  beam  was  pieced,  as  shown  at  centre,  and  it  was  therefore 
rather  heavily  increased  and  made  10  inches  x  12  inches. 

The  struts  were  of  spruce ;  their  size  will,  as  a  rule,  be  determined 

by  the  area  of  their  bearing  against  the  principals 
Struts.  ,  00  11 

—  so  as  not  to  indent  these  —  rather  than  by  their 

length  as  columns,  though  both  should  be  tried. 

By  making  our  larger  strut  6  inches  x  8  inches  we  get  a  bearing 

against  the  rafter  of  about  G  inches  x  10  inches,  or  say  60  S([uare 

inches,  this  would  make  a  compressive  stress  across  the  (/rain  on  the 

Georgia  pine  rafter  of 

14000  OQQ  1  -1, 

— ---  =  233  pounds  per  square  mch. 
60 

Table  IV  gives  200  pounds  as  safe  across  the  grain  on  Georgia 
pine,  but  we  can  pass  the  above  as  safe.  *  It  should  be  remembered  that 

the  action  of  crushing  stress  in  short  blocks  greatly 

Nature  of  ,  ,         ,  .        °        ,     .  .      ,  ,  ,      , 

compression      resembles  tliat  of  an  explosion.      A  short  block  or 

argeb  ocks.   ^^^^^^  ^^£  stone,  if  compressed,  will  fly  off  in  the  four 

directions  normal  to  the  four  free  sides,  with  sudden  and  great  force, 

as  if  there  had  been  an  internal  explosion.      If  the  l)l()(k  is  large 
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the  central  fibres  will  tend  to  explode  outwardly,  while,  of 
course,  the  fibres  nearer  the  edge  will  tend  to  explode  inwardly  and 
as  a  result  the  central  fibres,  meeting  with  the  opposition  of  the 
external  fibres,  will  resist  more  compression  than  they  would  if  they 
were  free.  This  is  confirmed  by  actual  experiment,  where  it  is 
found  that  large  blocks  of  the  same  material  will  resist  crushing  pro- 
portionately to  a  very  much  greater  extent  than  will  the  small 
blocks. 

Where,  therefore,  we  are  proportioning  the  sizes  of  struts  —  or 
later  the  sizes  of  washers  —  for  their  bearing  area,  across  the  wood, 
we  will  bear  the  above  in  mind,  and  if  the  safe  values  for  crushing 

o 

across  the  grain,  as  given  in  Table  IV,  require  unusual  dimensions, 
we  will  increase  the  amount  of  the  safe  value  per  square  inch,  as 
our  judgment  may  dictate. 

Now  trying  the  strut  as  a  column  of  spruce  6  inches  x  8  inches,  or 
48  inches  area,  and  9  feet,  or  108  inches  long,  we  should  have  from 
Formula  (3)  the  safe  load  : 

J    I    10H'\  0,00033 

JiL 
12 
=  13700  pounds, 
which  is  near  enough  to  be  safe. 

In  calculating  the  other  strut  we  should  find  that  as.  a  column 
6  inches  x  G  inches  and  6  feet  3  inches  long  it  can  safely  carry 
14400  pounds,  the  actual  strain  being  12000  pounds.  For  pressure 
across  the  grain  against  the  rafter  and  main  tie-beam  we  have  an 
area  of  about  6  inches  x  8  inches  against  each  or  48  square  inches, 
therefore  actual  compression  per  square  inch  across  the  grain  = 
250  pounds,  which  they  can  safely  stand,  as  these  parts  are  of 
Georgia  pine  and  the  crushing  area  quite  large. 

We  next  proportion  the  sizes  of  tie-rods,  which  will  be  of  wrought- 
iron.      The    safe    tensional    stress  of   wrouo-ht-iron 
being  12000    pounds    per    square    inch  we    require 
areas  as  follows : 


For  the  principal  rod, 
18000 


1^  square  inches. 


12000 
For  the  side  rods, 
5C00 
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The  rods  being  circular  the  principal  rod  would  need  to  be  1| 
inch  diameter  and  the  side  rods  ||  inch  diameter  or  say  f  inch. 

We  also  place  a  small  |  inch  diameter  rod  in  each  end  panel  to 
keep  the  tie-beam  from  sagging.  The  rods  will  all 
pse  ens.  have  to  have  their  ends  upset,  or  else  they  will  not 
have  enough  sectional  area  between  the  threads.  In  practice, 
however,  it  would  be  cheaper,  where  the  rods  are  so  small  and  short, 
to  enlarge  their  diameter  and  pay  for  the  extra  material,  rather  than 
to  save  this  and  have  to  pay  for  expensive  blacksmith's  work. 

Screw  ends  should  on)}'  be  upset  where  the  material  saved  fully 
counterbalances  the  labor. 

We  next  proportion  the  washers,  they  bear  against  Georgia  pine 
and  across  its  grain  and  should,  therefore,  be  pro- 
Washers,  portioned  at  about  200  pounds  per  square  inch. 

For  the  principal  rod  we  will  need,  therefore,  a  bearing  area  for 
each  washer  of 

14000       „„  .     , 

=  tO  square  inches, 

200  ^ 

or  say  8  inches  x  8  inches. 

For  the  side  rods  we  will  need 

12000       ^„  .     , 

=  60  square  inches, 

200  ^ 

or  about  the  same,  we  will  therefore  to  save  expense  maKe  them  all 
alike. 

The  lower  washers  are  made  to  bear  horizontally  against  both 
head  (or  nut)  and  tie-beam,  but  the  upper  washers  have  to  be 
modelled  to  bear  against  the  slanting  side  of  rafter,  and  horizontally 
against  nut.  It  will  also  be  noticed  that  the  lower  end  of  the 
washer  is  "toed-in"  to  the  rafter  to  keep  the  washer  from  sliding. 

The  wooden  blocks  which  are  screwed  onto  the  rafter  at  each 
washer  were  made  to  allow  for  cutting  away,  to  provide  horizontal 
surfaces  on  which  to  rest  the  bridle  irons  which  carried  the  purlins. 

It  will  be    noticed  that  the  princii)al  tic-beam  is  ])ieced    at   the 

centre.      The  cut  or  halving  was  made  slanting,  so 

Halving  long        ^^^  ^^  ^^^^^  ^^^j^  j^^jj  ^^  ^^^^^  ^^  ^^^^       jj  .^,^.^■^^^^^  the 

other  half;  and  all  sharp  edges,  where  sudden 
increase  in  strains  would  take  place  were  avoided  by  rounding  off, 
as  shown.  Wrought-iron  plates  were  placed  over  and  below  the  cut 
and  sufficient  bolts  placed  each  side  of  the  cut,  not  to  crush  the 
wood. 
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We  now  must  still  design  the  foot-joints. 

The  bearing  area  required  must  first  be  found ;  we  can  safely  put 

200  pounds  per  stiuare  inch  on  Georgia  pine,  across 
Bearing  area.        ,  ,  i       ,  ,  .""      ,    . 

the  grain,  and  our  load  at  each  reaction  being  27000 

pounds,  we  need 

"  =135  square  inches  of  bearing  area,  and  as  the  timber 

is  10  inches  wide,  it  would  have  to  rest  on  its  bearing  for  a  length  of 
13|^  inches. 

Jn  this  case,  however,  we  made  it  24  inches,  because  the  principal 
rafter  bearing  on  the  tie-beam  so  far  from  the  support,  it  would  have 
been  apt  to  bend  it.  The  left  end  rested  on  an  iron  column  and  was 
bolted  to  it  as  shown  in  Figure  258.  In  Figure  259  is  shown  the 
right  end,  which  rested  on  and  was  bolted  to  a  wall.  The  latter  was 
corbelled  out  under  the  truss  and  capped  with  blue  stone. 

We  next  provide  at  each  foot  an  inclined  bolt,  to  hold  the  rafter 
down  to  the  tie-beam  and  keep  it  from  jumping  out 
^  °°  ■  of  the  strap,  which  it  might  do,  if  subjected  to  heavy 
transverse  strains.  We  next  "  toe-in  "  the  rafter  to  the  tie-beam  as 
shown,  taking  care  to  get  enough  bearing  area  and  area  ahead  of  the 
toe  to  keep  it  from  pushing  or  shearing  its  way  out  through  the  tie- 
beam,  or  from  being  sheared  off  itself.  In  our  case,  however,  the 
toe  is  made  small,  the  only  reliance  we  place  on  it  being  to  steady 
the  rafter  sideways.  The  rafter  transfers  all  the  load  vertically 
across  the  tie-beam,  we  shall  therefore  need  the  same  length  of 
bearing  area  on  the  tie-beam,  13|  inches,  as  the  latter  needs  on  the 
wall. 

We  more  than  get  this  by  means  of  the  hardwood  block,  driven  in 
tightly  with  its  edge  grain  against  the  rafter  and  tie-beam  and  held 
in  position  by  screwed  on  blocks. 

We   next   calculate   the  strap.      The    strains    coming    on    it  are 

54000  pounds  tension  and  resisting  this  58400  com- 

'strap.   pression.     The  lesser  will,  of  course,  be  the  one  it 

must  resist.      The  width  of   strap  required  not  to 

crush  the  rafter  must  first  be  determined.     The  strap  bears  almost 

along  the  grain  of  the  rafter,  but  not  quite,  we  will  therefore  reduce 

slightly  the  safe  allowance  for  compression  along  the  grain  as  given 

in  Table  IV,  and  allow,  say,  670  pounds  per  square  inch,  we  then 

require  — ^p^  =  80  square  inches,  or  the  rafter  being  10  inches  wide, 
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a  strap  8  inches  wide.      The  thickness  of  strap  should  be  sufficient 
not  to  shear  off,  we  have  two  shearing  areas  one  at  each  angle  or 

' — - — =27000    pounds    on   each.       The   safe   shearing   stress   on 
wrought-iron  being  8000  pounds  per  square  inch  (see  Table  IV)  we 

need  an  area  at  each  angle  = ^  =  3|  square  inches.     The  strap 

°  8000  ^     ^  '■ 

being  8  inches  wide  would  therefore  need  to  be  about  ^\  inch  thick. 

It  was  made  ^  inch,  however,  as  in  this  case,  it  was  doubtful  whether 

the  ironwork  would  be  of  a  high  character.     Now  each  side  of  the 

strap  will  have  to  withstand  a  tensional  strain    of    27000   pounds. 

AVhile    the    safe   tension   on    wrought-iron    in    Table  IV,  is  12000 

pounds,  in  this  case  it  was  assumed  at  9000  pounds  only,  or  the  strap 

11  ^-        1  27000       „  .     , 

needed  a  sectional  area^ =  3  square  inches. 

9000  ^ 

The  strap  being  ^  inch  thick,  would  therefore  need  to  be  6 
inches  wide,  to  which  must  be  added  l^  inch  to  allow  for  bolt  holes, 
making  the  strap  7^  inches  x  ^  inch.  AVe  now  settle  the  number  of 
bolts,  which  we  will  make  1  inch  diameter. 

The    safe   shearing   on    a  1  inch  bolt   will   be^il-.8000^  6300 

Numberof  pounds.     Each  bolt  has  two  shearing  areas,  one  at 

bolts,   each   end    and  will   therefore  resist  12G00  pounds. 

The  total  strain  being  54000  pounds,  we  need     =  4,3  or  say  five 

°  ^  12600         '  ■' 

bolts  to  resist  shearing. 

For  bearing  we  have  an  area  1  inch  diameter  by  ^  inch  thick 
against  the  strap  at  each  end  of  each  bolt,  or  just  one  square  inch 
bearing  area  against  iron  to  each  bolt,  which  will  equal  a  safe 
resistance  to  compression  of  1 2000  pounds  per  bolt,  we  need  therefore 

^^——  =  4,5  or  say  five  bolts  to  resist  the  compression  of  the  straj). 

The  bolts  also  bear  against  the  Georgia  pine  tie-beam  and  tend  to 
crush  it  along  the  grain,  the  safe  resistance  of  the  wood  bcin.;  750 
pounds  per  square  inch.  Each  bolt  bears  against  1  inch  .\  10  inches 
or  10  Sfjuare  inches  of  wood,  and  will  safely  bear  tlicrefore 
10.750:=  7500  pounds.       AVe  need  therefore,  to  avoid  crusliing  the 

wood    ..^      =  7,2  or  say  eight  holts,  which  is  the  niMnl)iT  shown  in 

drawin''. 
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We  will  now  similarly  analyze  an  iron  truss.      This,  the  same  as 
the  above  wooden  truss,  is  not  intended  so  much  as  a  guide  in  design- 
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Iron  truss. 


ing,  as  it  is  as  a  guide  in  analyzing  the  details  of  each  joint.  Every 
truss  should  be  designed  with  reference  to  its  special  duty  and 
position,  and  joints  should  be  designed  in 
each  case  to  be  made  up  as 
simply  as  possible. 
The  designer  should  not  hesitate  for  fear 
of  criticism  as  to  novelty,  to  make  his  truss 
or  its  joints  of  any  shape  that  may  be  most 
convenient,  bearing  always  in  mind,  that 
the  simpler  the  parts  and  the  nearer  to 
standard  sizes,  the  cheaper  will  be  the  exe- 
cution of  the  work. 

Almost  any  design  can  be  made  by  the 
use    of   wrought-iron   or    steel,   or   of  cast- 


nc.aes 


In  the  two  former,  care  should  be  taken 
to  analyze  carefully  the  work  required  of 
each  rivet.  Wrought-iron  is  gradually 
taking  the  place  of  cast-iron,  even  for  shoes 
and  such  parts  of  trusses,  as  the  expense  o 

riveting  them  up  out  of  different  parts,  is  apt  to  be  cheaper  than  the 

cost  of  the  patterns  required  for  castings. 


LOADS    ON    IRON    TKUSS. 
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Vertical  load. 


In  Figure  261,  we  have  the  design  of  the  axial  lines  of  an  iron  roof 
truss  recently  erected  in  Xew  York  City. 

The  vertical  load  on  this  truss  was  assumed  at  65 
pounds  per  square  foot  and  made  up  as  follows  : 

Weight  of  truss  =    6  pounds. 

Weight  of  other  iron  =  10  pounds. 
Weight  of  3  inch  blocks  =  16  pounds. 
Weight  of  plaster  =    8  pounds. 

AVeight  of  slate  =10  pounds. 

Weight  of  snow  =  15  pounds. 


Total  (per  square  foot)   =  65  pounds. 

Figure  262  gives  the  strain  diagram  for  this  load;  the  rafter 
panels  were  each  17  feet  long,  and  the  trusses  placed  17  feet  6  inches 
from  centres,  so  that  the  load  on  each  panel  was  17.17^.65  =  19337 
or  say  19300  pounds. 

The  wind-pressure  was  calculated  separately.  In  Figure  2G3  it  is 
supposed  to  blow  from  the  left.      The  pressure  normal  to  the  roof 


\\1>T)  PRKSimC  UN1.Y      38.4-LBS-S().PT.  POP  .\Nr,Le  5;;°^ 


surface  per  square  foot  for  a  roof  of  this  inclination  (51°)  will  be,  say, 
38,4  pounds,  (see  Table  XLIV.) 

We  should  have  then  on  each  panel : 

17.17^.38,4  =  11424  or  say  11400  pounds. 

The   total  wind-])ressure    therefore   was  =  3 1200 
Wind  pressure,    pounds.     By  prolonging  the  central  a.xis  of  the  wind 
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pressure  C  R  till  it  intersects  the  horizontal  J.  i7  at  72  we  obtain  the 
reactions  due  to  wind  pressure.  K^  A  R  measures  40  feet  and  R  H 
23  feet,  we  know  that  the  reaction  at  H  will  be  ^ 

=  1^.34200=21700  pounds, 
and  at  A 

=  2f.34200  =  12500  pounds. 
The  strain  diagram  Figure  264,  can  now  be 
easily  constructed.  We  notice  that  there  are  no 
strains  in  M N  nor  in  JVP  due  to  wind;  also  that 
the  latter  reverses  the  strains  in  Q  iV^,  QO  and  P  0,  they  all  having 
to  resist  compression.  In  Figure  265  are  tabulated  the  strains  due 
to  both  vertical  load  and  wind  pressure,  the  last  column  giving  the 
actual  result,  that  is,  their  sum  or  difference,  as  the  case  may  be.     In 

TABLE  OF  STRAINS  OF  ROOF. 
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Name  of  piece. 

standing  load. 

Wind  load. 

Result. 

B.J. 

-|-  76000 

+  8000 

+  84500 

G.  K. 

+  61000 

+  8500 

+  69500 

D.  L. 

+  46000 

+  8500 

+  54500 

E.  M. 

+  46000 

+  15500 

+  61500 

F.N. 

+  61000 

+  15500 

+  76500 

G.  P. 

+  76000 

+  15500 

+  91500 

J.  K. 

+  12300 

+  11400 

+  23700 

K.  L. 

+  12300 

+  11400 

+  23700 

L.  M. 

—  52000 

—  15000 

—  67000 

M.N. 

+  12300 

+  12300 

N.  P. 

—  12300 

+  12300 
—  36000 

R.  Q. 

—  24000 

—  12000 

G.N. 

—  ^3500 

+  2000 

—  21500 

—  60000 

J.  0. 

—  49000 

—  11000 

Q.  0. 

—  23500 

+  6000 

—  17500 

P.O. 

—  49000 

+  7500 

—  41500 

Fig.  265. 

t 

Figures  266  and  267  we  reach  exactly  the  same  results,  by  combining 
both  vertical  load  and  wind  pressure  in  one  diagram. 

In  designing  the  truss,  we  must   remember  that  were  the  wind 


op  AAA 

Inclined  rod  K  Q=^  -=  3  square  inches  or  a  diameter  of  say 
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"blowing  from  the  right,  the  corresponding  members  of  each  half  of 

the  truss  would  exchange  their  respective  strains,  we  must  therefore 

Detailingthe       design  each  such  pair  of  (right  and  left)  members  to 

truss,  resist  the  larger  strain. 

Figure  2G8  gives  the  drawing  of  truss  and  detail  of  joints. 

In  designing*the  truss  we  find  that  the  heaviest  strains  exist  when 

the  wind  blows  with  the  exception  of  the  horizontal 

Take  heaviest     central  tie  Q  0  which  has  its  largest  tension,  when 
strains.  i       i      i         • 

there  is  no  wind ;  we  select  accordingly,  the  heaviest 

strains  for  each  member  and  proceed  to  design  the  parts. 

For  the  tie-rods  we  require  areas,  as  follows  : 

Size  of  rods.  Vertical  rod  i  il/  =  ^^-^  =  5,58  square  inches 

or  a  diameter  of  say  2|  inches. 

Inclin 
2  inches. 

Lower  inclined  rod  J  0=:    .,Tyy  =  5  square  inches  or  a  diameter 

of  say  2^  inches. 

Horizontal  rod  Q0^~-  —  ^2  square  inches  or  a  diameter  of 

say  1|  inches. 

By  placing  sleeve  nuts  (or  turn  buckles),  as  shown,  we  can  tighten 
up  the  truss  at  any  time. 

We  next  design  the  struts  to  stand  23700  pounds  compression 
each.  They  are  13  feet  4  inches  long  or  100  inches  long.  After 
several  trials  we  decide  to  use  two  3  inches  x  3 
Size  of  struts.  inches  x^  inch  tees,  placed  one  inch  apart,  back 
to  back.  The  weakest  way  in  compression  will 
evidently  be  with  the  neutral  axis  parallel  to  the  web.  From 
Table  XXIV,  we  find  their  stjuare  of  radius  of  gyration  for 
this  axis  to  be  q'^  =  0,4  2    and   their    area    of    cross-section  =  2,75 

square  inches  each  or  5^  sipiare  inches  for  the  two.^ 

'  It  slioviia  be  noted  that  no  matter  how  many  tees  were  placed  along  the  same 
axis  in  the  same  direction  we  should  have  the  same  jr  :  for  while  each  additional 
one  would  increase  the  area,  and  the  moment  of  inertia  i,  and  the  monii-nl  of 
resistance  r,  the  square  of  the  radius  of  gyration  p=,  being  simply  the  quotient 
of  the  inertia  divided  by  the  area,  would  remain  coustant,  no  matter  bow  many 
tees  were  used. 
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We  have    then  for  the  safe  compressive    stress  in  these  tees  to 
resist  the  23  700  pounds  compression,  (see  Formula  3)  : 
12000.5:^ 


1-+ 


O,00O05.1G0'^" 
'  (V42 


:  23322  pounds. 


which  is  near  enough.     It  should  be  noted  that  we  consider  the  strut 
as  a  column  with  pin  ends.      The  ends  have  got  separately  forged 


pieces,  bearing  on  the  pins  and  riveted  between  the  ends  of  struts 
with  eight  |  inch  rivets. 

The  rivets  were  determined,  as  follows  : 

Bearing  area  of  each  rivet  |  inchxl  inclirr=| 
Rivet^s^n^  ends.  W^^^'^  i"^-'^^  O''  =  |- 12000=  7500  pounds,  value  per 
rivet. 
Shearing  area  of  each  rivet=  0,3068  square  inches,  there  being 
two  shearing  areas  to  each  rivet,  we  have  0,6136  square  inches 
resisting  shearing,  or  shearing  value  of  each  rivet  :^  0,6136.8000  = 
4908  pounds. 

For  safe  bending-moment  on  each  rivet,  we  have  from  Table  I, 
section  No.  7  and  from  Formula(18)  transposed  : 

m  =  Ii.(j5g)3.i5000  =  ^\A5000  =  360  pounds-inch. 

Remembering  to  use  the  larger  value  f  —  j^l5000  pounds  for 

bending-moment  on  pins  or  rivets,  we  could   have  read    the    same 


fe/lsd  c# 


8/^11    .Ot 


I 

RIVETS    REQUIRED. 
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results  for   bearing,  shearing   and   bending   moment  directly  from 
Tables  XXXY  and  XXXV III. 

The  actual  bending-moment  on  all  the  rivets  would  be  Formula 
(21): 

23700.1 


=  2962  pounds-inch. 


"NVe  require  therefore,  to  resist 
bending 

2962 


360 


8,2  or  say  eight  rivets. 


This  being  more  than  required 
for  either  bearing  or  shearing 
determines  the  number  of  rivets 
to  be  used. 

Calculating  ^e  next  decide 

the  pins,  on     gi^g     of     pin 
.t    used.     It  is  evident  that  the  joints 
will  be  similar  as  regards  arrange- 
ment. 

The  largest  rod  will  be  central 
on  pin,  each  side  of  it  will  be 
another  rod  and  outside  of  this  the 
'  strut.  We  can  also  readily  see 
that  the  joint  at  foot  of  vertical 
rod  L  j\I  will  be  the  most  severely 
taxed,  and  as  it  is  usual  to  use  the 
^^  same  size  pin  throughout  a  truss 
we  will  calculate  for  this  joint.  It  is,  also,  evident  that  we  need 
calculate  only  for  the  strains  in  the  vertical  line,  as  these  will  be  the 
heaviest. 

In  order  to  reduce  the  bending-moment  on  the  pin,  we  reduce  the 
head  or  eye-part  of  vertical  rod  to  2  inches  thick,  this  will  make  a 

compression  of  — —  =  33.000  pounds  per  inch  thickness  and  recjuire 
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a  diameter  of  pin 


33.500 
1 2000 


^2,8  or  say  2J^  inches  diameti-r,  (which 


was  the  nearest  regular  size  of  pin  made  l)y  tlie  mill  wlio  bail  the 
contract). 

The    same   residt    could    liave     been    read    dircdiv    from     Tal)le 
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XXXVI.     For  the  rod  A'  Q  we  require  a  width  of  bearing 

36000  ,  .     , 

=r =  1  inch. 

2l|. 12000 

For  each  strut  we  require  a  width  of  bearing 

23700  ^  ._  -5  •     u 

=  -— =  0,67  or  say  4  inch. 

2l-|. 12000         '  ^  * 

The  single  shearing  area  of  pin  being  about  6|  square  inches  or 
=:6|.8000  =  54000  pounds,  there  can  evidently  be  no  danger  from 
that  quarter. 

We  now  calculate  the  bending-moment,  we  first  obtain  the  vertical 
resultants  of  all  the  strains,  by  laying  off  each  strain  along  its 
respective  line  of  action  at  a  certain  scale, 
and  then  measuring  the  length  of  its  pro- 
jection along  the  vertical  line.  The 
vertical  projection  of  the  36000  pounds- 
tension  is  28000  pounds  puUing  downwards; 
the  projection  of  the  21500  pounds-tension 
is  16500  pounds  pulling  downwards;  the 
projection  of  the  23700  pounds-compression 
is  15000  pounds  pushing  downwards  ;  the 
projection  of  the  12300  pounds-compression 
is  7500  pounds-compression  pushing  down- 
wards ;  the  sum  of  all  of  these  is  28000  -}- 
16500 -f  15000+ 7500=^6  7000  pounds 
downward.  Resisting  this  we  have  the 
67000  pounds  of  upward  pull. 

We  now  lay  out,  Figure  2C9,  the  pin,  and 
find  that  we  have  a  double  lever  arrange- 
ment;  the  fulcrum  being  the  2  inch  wide 
67000  pounds  strain.  To  the  left  of  this 
we  have  a  lever  13  inch  wide  loaded  with  two  loads,  one  28000 
pounds  one  inch  wide  and  one  beyond  15000  pounds  f  inch  wide. 
To  the  right  we  have  lighter  loads,  the  heaviest  bending-moment  will 
therefore  be  on  the  left  side,  or : 

jn  —  ^.2S000-\-  If. 15000 
=  34625  pounds-inch. 
The  safe-bending-moment  on  a  2i|  inch  pin  is: 

??i  =  ii.(lif)3.15000  =  37500  pounds-inch. 
The  pin  is  therefore  safe.     The  same  result  could  have  been  read 
off  directly  from  Table  XXXIX. 
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We  next  design  the  main  rafter;  as  tliis  is  to  be  in  one  length,  we 
design  it  only  for  lower  panel  (91500  pounds-com- 

Sizeof  Ma^ri^^^  pression)  and  the  other  panels  will  be,  of  course,  too 
strong.      Besides  the  compression  we  will   have   a 

transverse  strain  or  bending-moment  on  rafter,  per  square  foot,  as 

follows  : 

Wind  =  38,4 

3  inch  blocks,    =16 
Slate  ^10 

Iron  tees  (say)  =   5 

Total  =69,4  pounds, 

or  allowing  for  weight  of  rafter,  say,  70  pounds  per  foot.     The  rafter 

lengths  being  1  7  feet  and  1  7^  feet  apart,  we  have  total  uniform  load 

M  =  17.17^.70  =  20825  or  say  21000  pounds.      "We  now  draw  any- 

where    along    rafter    a   vertical    line    aZ*  =  21000 
Transverse 

sti'aj.n  on^^  pounds ;  then  draw  a  c  normal  to  rafter ;    it  scales 

13000  pounds,  therefore  the  actual  transverse  load 
on  rafter  is  13000  pounds. 

The   required    moment  of   resistance  to  resist   this  load  will  be 
Formula  (18) 

^^13000.(17.12)^ 

8.12000  ' 

By  reference  to  Table  XXI,  we  find  we  require  one  12^  inch 
80  pounds  channels  to  take  care  of  the  transverse  strain.  We  also 
note  that  the  area  of  channel  is  8  square  inches,  which  is  about  what 
we  need  additional  for  resisting  the  compression.  We  will  decide 
then  to  use  two  12^-  inches  80  pounds  channels. 
Tlie  square  of  the  radius  of  gyration  is  0^  =  21,10 
The  area  of  the  two  will  be  16  square  inches,  but  as  just  one-half 

of  their  total  moment  of  resistance  r  is  needed  to 
Compression        „„„•  .  ,  .      .  .,,   ,  ,     „ 

on  rafter,  resist  transverse  strain,  we  wdl  have  only  8  scjuare 

inches  left  of  the  total  area  to  resist  compression. 

The  column  is  17  feet  or  say  204  inclics  long.      One  end  will  be  a 

pin  end,  the  other  a  milled  or  planed  end  with  fair  bearing.       We 

have  then  for  safe  compressive  load  Formula  (3)  : 

w  = ~T!^^  / , ,  =  ^0300  pounds, 

_l_  204''.0,OO0O33  *  ' 

'  21,1 

or  near  enough  to  pass  as  safe.     If  the  transverse  strain  iiad  reiiuired 
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say  a  moment  of  resistance  of  r  =  35  we  should  have  had  left  to 
resist  compression  of  the  total  area  16  square  inches  only, 

=i6_r^^).i6 

\  2.27,7/ 

=  (about)  6  square  inches  instead  of  8,  •which  (in  such 

a  case),  would  not  be  enough  and  would  require  a  heavier  channel. 

The  thickness  of  our  channel  web  we  see  from  Table  XXI,  is 

0,39  inches,  or  two  webs  =  0,78.     The  safe  bearing 

^m^fte^rwebs      on    pin  will  therefore  be  ==  0,78.2i|.12000=  28200 

on  pins.   pQi^inds.      The  web  of  channel  will  therefore  need 

thickening  at  the  shoe  pin,  but  not  at  the  two  others.     At  the  apex 

the  pin  does  not  bear  on  channels,  but  is  connected  indirectly  by  a 

2-inch  thick  plate. 

At  the  shoe  the  channels  have  planed  ends  and  rest  directly  on 
the    shoe,  the    strain   therefore    against   their  webs,  will   be  60000 
pounds,  due  to  the  rod  trying  to  tear  the  pin  out. 
Reinforce  rj.^_^  ^^^^  ^^-^^  ^^^^  ^£   28200  pounds  of    bearing, 

plates  to  webi  '  °' 

leaving  60000  —  28200  =  3]  800  pounds,  to  be  trans- 
ferred by  rivets  to  thickening  or  reinforce  plates.  Of  this  each  side 
takes  care  of 

31800  ,-nnA  T 

=  lo900  pounds. 

The  thickness  required  for  each  j^late,  is  therefore 

15900  ^  .,  ,  .     1         1 

^=  0.42  or  sav  A  inch  each. 

2i|.12000         -  "    - 

The  number  of  rivets  required  must  next  be  settled.  We  use  | 
inch  rivets: 

The  channel  being  thinner  than  the  plate  .determines  the  bearing 

value  for  each,  or 

=  0,39.|.12000  =  3000  pounds, 
Krvets  in  rein-  '        b  i  ' 


force  plates. 

15900 


=:  5,3  or  say  six  rivets  required  for  bearing. 


3000 
The  rivets  are  in  single  shear,  their  area  =  0,3068  and  their  value 

15900 
=  0,3068.8000=2454  pounds,  and  we  require  ^ — _ —  =  6,5    or    say 

seven  rivets. 

For  bending-monient  each  rivet  is  a  single  lever  held  by  the  half- 
inch  plate,  projecting  0,39  inches  and  uniformly  loaded  on  free  end 
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with  its  share  of  the  14100  pounds  carried  by  each  channel  web,  the 
total  bending-moment  will  therefore  be  from  Formula  (25). 

UIOO.0,39       -,_.,  ,    .     , 

?«  = ~ =  2<o0  pounds-incb. 

The  safe  bendinor-moment  on  a  |  inch  rivet  we  jDreviously  found  to 

be  360  pounds-inch,  and  require  therefore 

2750       _  „  •   1 .    •     . 

=  ','  or  say  eisht  rivets. 

360  '  •      ° 

The  disposition  of  rivets  around  the  jiin,  however,  requires  nine 
rivets. 

We  now  go  to  the  apex  point.      We  use  here  a  2-inch  plate,  its 

bearing  on  pin  must  be  all  right,  as  we  made  the 

Pin  plates^at^^^  ^^^^J.  ^^^  ^f  vertical  rod  2  inches  thick.     The  upper 

end  of  rod  we  make  forked,  each  side  1  inch  thick, 

and  2  inches  between  to  admit  plate. 

The  plate  is  so  large  that  there  is  evidently  no  danger  of  the  pin 
shearing  out. 

For  the  rivets  we  can  see  it  will  require  a  large  number  and  there- 
fore decide  to  use  larger  or  say  |  inch  rivets. 

The  bearing  value  on  two  webs  of  each  rivet  will 
Numberof  ° 

rivets.  be  =  |.2.0,39.12000=8190  pounds. 

The  (double)  shearing  value  of  each  rivet  will  be 

=  2.0,0013.8000=  9620  pounds. 
The  safe  bending-moment  on  each  rivet  will  be 

=  il.(^\)».l 5000  =  987  pounds-inch. 

If  now  we  consider  that  the  two  rafters  have  planed  ends  and  butt 

fairly  against  each  other,  taking  up  the  thrust  from  each,  the  rivets 

need  only  take  care  of  the  vertical  down  pull  67000  pounds,  all  of 

the  rivets  taking  a  share.     In  that  case  we  should  need  for  bearing 

=  7,2  rivets,  for  shearing  less,  and  for  total  bending-moment, 

remembering  that  the  channel  backs  are  2  inches  apart  and  that  the 

rivets  are  beams  supported  at  both  ends  and  uniformly  loaded,  froui 

Formula  (21) 

67000.2       ,p-rA  1-1 

m  = =:  16(50  pounds-incii. 

Therefore  number   of   rivets   required  to  resist  bending-moment 

16750       ,  „  „  .  1     •  1       r  •  •   » 

=-  -      -  =10,9  or  say  nme  each  side  or  jomt. 
J8  7 

The  plate,  however,  requires  ten  each  side  for  even  distribution. 
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If  the  channels  do  not  butt  fairly  the  plate  will  have  to  transfer 
the  thrust  from  one  to  the  other.  This  thrust  will  be  equal  to  the 
horizontal  resultant  of  compression  on  rafter  at  apex  which  is  54500 
pounds.  Its  horizontal  projection  measures  34000  pounds.  The 
rivets  each  side  of  joint  must  take  care  of  this  strain  and  the  plate 
be  large  enough  not  to  crush  under  it.  We  need  not  calculate  any 
in  this  case,  however,  as  this  strain  is  just  about  one-half  of  the 
strain  for  which  the  total  number  of  rivets  were  proportioned. 

We  next  design  the  shoe.      It  is  a  flat  cast-iron  plate  2  inches 

thick,  and  28  inches  by  24  inches  with  two  flanges 

Designing  ^^^^.j^  g  inches   thick  to  receive   the   pin.      As   the 

snoe-plate>  '■ 

channels  bear  directly  on  the  plate,  the  only  strain 

on  the  flanges  will  be  due  to  the  pin  trying  to  shear  its  way  out,  the 

strain  being  60000  pounds.      Resisting  this  there  are  two  areas  to 

each  of  the  two  flanges,  each  area  3  inches  x  3  inches,  or  a  total  area 

==:4.3.3^36  square  inches,  the  actual  stress  is  therefore 

=  1667  pounds  per  square  inch,  which  is  safe. 
36 

The  wall   must   carry  the  whole  load  of   truss,  each  reaction  is 

5  7900  pounds  due  to  vertical  load.     To  this  must  be 

Bearing  area,      added  the  vertical  resultant  (or  projection)  of  the 

largest    wind    reaction    21700    pounds.       Its    vertical    projection 

measures   about    14000   pounds    making    the    total 

Include  wind  ^j     j  reaction  71900  pounds.      The  area  of  plate 

reaction.  ^  '■ 

is  28x24=672  square   inches,  therefore   compres- 
sion per  square  inch  on  brick-work 

__  71900  __  jQg  pQuudg^  which  is  safe. 
6  72 
Had  this  truss  been  of  larger  span,  we  should  have  had  to  place 
one  shoe  either  on  a  rocking  saddle,  or  else  on  rollers. 

Rockers  or  j£  ^j^^  latter  there  should  be  suflicieiit  rollers,  and 

rollers.  ^    ,  ,      ,.  ^    ^ 

thev  should   be   of   large  enough   diameter   not   to 

indent  the  plate,  and  to  roll  back  and  forth  freely.     It  is  usual  to  put 

upward  flanges  all  around  the  bottom  plate  and  downward  flanges  all 

around  the  upper  plate  to  hold  the  rollers  in  place  between  them. 

The  flanges  should  be  less  than  radius  of  rollers,  so  as  not  to  meet. 

The  foot  of  girder  must  be  secured  against  yielding  sideways. 

The  size  of  rollers  is  determined  by  the  following  formula  : 

Formula  for  tv  —  l.750.\Jd  (132) 

rollers.  V  ^       ^ 
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Where  2P=:  the  safe  load,  in  pounds,  on  each  roller. 
Where  Z  =  the  length,  in  inches,  of  each  roller. 
Where  d  =  the  diameter  in  inches,  of  each  roller,  if  of   steel 
or   wrought-iron    and    rolling    between    cast-iron   plates.       If    be- 
tween wrought-iron  plates  add  25  per  cent  to  lo. 

Rollers  should  be  used,  (under  one  shoe  only,)  where  trusses  in- 
doors are  over  eighty  feet  span,  or  out-doors  if  span  is  over  sixty-five 
feet. 

Exaviple. 
.   A  truss  of  one  hundred  feet  span  has  a  reaction  at  each  end  of  95000 
pounds.     The  shoe-plate  is  20  inches  wide  the  long  tvaij  of  rollers,  and 
rollers  are  1  inch  in  diameter.     How  many  rollers  are  required  f 
Each  roller  will  safely  carry  from  Formula  (132) 
10^  20.750.  Jl  =  15000  pounds, 

we  shall  require  therefore 

95000       „  „  „      „ 

=  6,3  or  say  /  rollers. 

15000         '  ^ 

Of  course,  where  rollers  are  used  some  arrangement  must  be  made 
in  the  cornice  to  allow  for  the  movement  due  to  expansion  and  con- 
traction of  the  truss  ;  or  if  the  roof  is  continuous  a  slip-joint  must  be 
provided  in  the  roof  itself,  the  detail  of  which  will  depend  upon  the 
local  circumstances. 
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TpHE  Formula  (3)  on  page  24  of  Vol.  I,  is,  of  course,  applicable 
•'X  to  every  kind  and  shape  of  column.  The  square  of  the  radius 
of  gyration  used  in  this  formula,  can  be  found  by  any  of  the 
formulae  given  in  Table  I;  or  if  the  shape  of  the  column  is  so 
unusual  that  it  is  not  given  in  Table  I,  the  moment  of  inertia  (?)  of 

the  cross-section  of  the  column  can  be  found,  and 
"^°  o"  gyration.  *^'^  divided  by  the  area  (a)  is  equal  to  the  square  of 

the  radius  of  gyration,  see  page  9  of  Vol.  L 
In   Table    II   are   given    the   different  values  of   n  for  cast  and 
wrought  iron,  steel,  wood,  stone  and  brick ;    also  the  variations  in 
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this  value  for  "pin,"  that  is,  rounded  or  rough  bearings  at  ends,  and 
for  "  smooth,"  that  is,  turned,  planed  or  smoothed  off  bearings  at 
ends.  These  different  values  have  been  arrived  at  largely  by 
experiments,  but  the  reason  why  the  end  bearing  affects  the  strength 
of  column  can  readily  be  seen  in  Figures  270  to  274. 

In  Figure  270  we  have  a  column  with  smooth  ends  between  two 
forces  crushing  towards  each  other  ;  as  a  result  the  column  tends  to 
bend,  in  this  case  to  the  right.  The  bending  of 
"the  column  will,  of  course,  tip  its  ends,  as  these 
are  at  right  angles  to  the  (dotted)  longitudinal 
axis  of  the  column ;  as  a  result  the  further  crush- 
ing is  taken  entirely  at  the  edges  of  the  ends,  or 

at  points 


■I 


fl 


Why  smooth 
end  stronger. 


A  a.ndB, 
marked 
with  arrows  in  the  ficrure. 


,rfTiy 


VrfVi, 


FIG.  m 


m.  276. 


riG.  276  A. 


It  will  be  readily  seen  that  the  least  pressure  at  yl  or  ii  tends  to 
bring  the  ends  back  to  the  horizontal  plane  and  consetpacntly  to 
straighten  the  column  again.  For  this  reason  it  is  that  columns  with 
smooth  end  bearings  give  way  the  same  as  columns  with  fixed  end 
bearings,  as  sliown  in  P'igure  271.  If  on  the  other  hand  the  ends  of 
the  column  are  rounded,  as  shown  in  Figure  272,  tlie  effect  of  the 
crushin"-  at  A  and  B  is  to  constantly  increase  tlie  bending  of 
the  column,  as  the  point  of  contact  against  the  column  simi)ly  slips 
around  the  circular  ends,  as  the  column  bends  more  and  more.     Sucli 


202  SAFE    BUILDIXG. 

columns  break  as  one  curve  instead  of  the  triple   curve  shown  in 

Figure  271.       Where  there  is  a  pin  bearing,  as  in  Figure  273  the 

effect  is,  of  course,  the  same  as  for  rounded  ends.     Rough  ends  are 

considered  the   same  as  rounded   ends,  on  account  of   the   danger 

of   some  roughness  or   projection  on  tlie   end  of   a  bearing,  which 

would  freatly  increase  the  tendency  to  bend,  as  shown  at  A  and  B 

in  Figure  274.     For  this  same  reason  wedging  of  joints  of  columns, 

should  never  be  allowed. 

Only  those  columns  should  be  considered  as  having  smooth  ends, 

where  the  entire  bearing  end  is  perfectly  smooth,  and  forms  a  true 

and  perfect  plane   at   right  angles  to  the   longitudinal  axis  of  the 

column.      In  iron  and  steel  columns  the  ends  have  to  be  "planed" 

or    "turned"   off,   both    of    which    are    done    by 

Planing  and        machinery.     Planing  is,  as  its  name  implies,  a  pass- 
turning.  •'  ,      ,         ,  11  1-1 
ing  back  and  forth  of  a  sharp  metal  planer  which 

removes  the  surface  iron,  little  by  little.  Turning  is  the  same  as 
planing  but  the  motion  of  the  planer  is  circular.  Turning  is  done  on 
circular  columns,  particularly  where  there  are  lugs  or  projections  be- 
yond the  bearing  surfaces,  which  would  be  in  the  way  of  a  straight 
planer. 

Cast-iron  columns  are  usually  made  of  circular  cross-section  and 
hollow.     This  is  the  cheapest  cross-section  there  is  for 

Shapes  of  cast    ^        column,    and   the    metal   will   do    more    work 

columns.         -'  ,        ,  ,  .  x    .  .  •  c 

per   square   inch,    the    thinner    (within   reason,   or 

course,)  the  shell  is  made. 

Cast-iron  columns  are  also  frequently  made  square  in  cross-section, 
and  hollow,  which  does  not  make  a  badly  proportioned  column.  All 
other  shapes,  however,  are  bad,  and  should  only  be  resorted  to  in 
unusual  circumstances.  Such  shapes,  for  instance,  are  rectangular 
and  hollow,  one  side  (or  diameter)  being  shorter  than  the  other,  in  this 
case  the  neutral  axis,  when  computing  the  square  of  the  radius  of 
gyration,  should  be  taken  parallel  to  the  long  side ;  then  there  are 
H  or  I  shapes,  T  oi"  Z  shapes,  etc.,  all  bad  and  weak.  Sometimes  a 
column  is  made  square  or  rectangular  but  with  only  three  sides.  The 
column  will  be  greatly  strengthened,  if  at  intervals  there  can  be  cast 
on  the  fourth  side  a  connecting  bar. 

All  hollow  castings  should  be  drilled,  as  already  explained,  to 
ascertain  their  thickness,  also  near  their  base  to  allow  any  water  to 
escape,  which  might  otherwise  freeze  and  burst  the  casting.    Brackets, 
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and  other  projections  should,  by  preference,  be  cast  on  the  column, 
rather  than  secured  to  it  by  bolts  or  tap-screws.  Of  course,  they 
can't  be  riveted  to  cast-iron.  They  should,  as  far  as  possible,  be  of 
same  thickness  as  shell. 

Where  there  are 
heavy    cajiitals, 
bases    or     other 
mouldings  or  orna- 
mental 


Caps  and 
bases. 


work 
that 
greatl}'    incr  ease 
the    thickness    of 
riG.    117.  shell,   they  had 

better  be  made 
separately  and  slipped  on  afterwards,  and  then  secured  by  tap-screws 
with  countersunk  heads. 

The  bearing  should  always,  if  possible,  be  vertically  under  and 
over  the  shell,  not  flanged 
out  as  shown  in  Figure 
275. 

Ends  of  columns  are 
usually  flanged  out  for 
bolting  together,  in  which 
case  the  angles  should  be 
well  rounded.  It  is  also 
well  to  cast  on  one  of  the 
columns  a  lug  as  shown 
on  the  upper,  etched 
column  in 
Figure  276. 

To  pre- 
vent fi  r  e 
spreading  up 
t  h  r  0  u  g  h 
columns, 
some  liuild- 
i  n  g  laws 
require  solid  plates  at  all  joints;   in  such  cases  they  should  be  niadc 
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as  shown  in  etched  part  of  Figure  276a  with  upper  and  lower  lugs, 
and  the  columns  bolted  together  thj-ough  the  plate. 

Bottom  plates,  which  usually  have  to  spread  the  weight  are  made, 
as  shown  in  Figure  277  ;  as  they  are  often  very 
ottom  p  ates.  j^rge,  and  necessarily  therefore  quite  thick,  metal 
can  be  saved  by  gradually  reducing  the  thickness  towards  the  edges, 
as  shown.  In  such  plates  a  hole  should  be  cast  in  the  centre,  to 
relieve  the  strain  on  the  plate,  when  cooling  and  thereby  avoid 
warping. 

No  bolts  are  needed  where  a  bottom  plate  is  used,  as  shown  in 
Figure  277,  as  there  is  no  possibility  of  tipping.  Where  the  spread 
of  base  plate  has  to  be  very  great,  flanges  as  cast  on  same  as  shown 

in  section  in  Figure 
278  and  in  plan  in 
Figure  279.  Of 
course,  the  flanges  can 
be  more  numerous. 
All  parts  of  such  a 
base  should  be  of  even 
thickness.  If  the 
casting  is  unusually 
large  and  unwieldy 
it  can  be  made  in  two 
parts,  as  shown  i  n 
Figure  279,  but  in 
such  cases  great  care 
should  be  exercised 
with  the  foundation  or 
substructure,  to  avoid 
one-half  settling  away 
from  the  other  half. 
This  can  be  done  by  thick  granite  stones,  or  additional  iron  plates 
under  the  main  bottom  plate. 

The  calculation  of  hollow  circular  columns  is  very  tedious,  partic- 
ularly as  one  has  to  guess  at  the  size  and  then  calculate  the  strength, 
often  involving  several  calculations  for  a  single  case. 
Explanation  of  Tables  XLV,  XL VI,  XLVII  and  XL VIII,  have 
abesXL^to^  therefore  been  prepared  by  the  writer  to  take  the 
plafie  of  these  calculations,  for  cast-iron  hollow  circular  columns. 
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Across  the  top  of  the  tables,  in  the  horizontal  line,  are  given  the 
lengths  in  feet  of  the  columns.  Down  the  left  side  in  the  vertical 
line  are  the  safe  loads  in  tons  for  each  particular  shape.  The 
curved  lines  each  represent  a  hollow  circular  section,  and  at  the  end 
of  each  curve  is  given  first,  the  diameter  of  column,  second  the 
thickness  of  shell,  third  the  area  of  cross-section.  The  latter  enables 
one  to  pick  out  the  cheapest  section  from  any  of  the  tables,  by 
selecting  any  curve  below  and  to  the  right  of  the  one  found  —  which 
has  a  smaller  area  of  cross-section.  Sometimes  by  reference  to  a 
subsequent  table  a  still  cheaper  section  can  be  found. 

The  tables  have  been  calculated  for  cast-iron,  according  to 
Formula  (3)  ;  the  columns  are  supposed  to  have  smoothly  dressed 

ends   and  true    bearings.       The    value  used    for    (A-  )   was   15000 

pounds.  Any  one  desiring  to  use  any  other  value,  need  only  pro- 
portion the  vertical  column  of  safe  loads  in  tons  accordingly ;  thus, 
for  12000  pounds  we  should  take  ^  of  the  loads  as  safe,  or  we  could 
add  \  to  the  load  to  be  carried  by  the  column,  and  find  from  the 
tables  the  diameter,  etc.,  of  column  necessary  to  carry  the  increased 
load. 

Table  XLV  gives  columns  from  3"  to  7"  diameter  of  different 
thicknesses,  and  from  5  feet  to  12  feet  long.  Table  XLVI  gives 
columns  from  8"  to  10"  diameter  of  different  thicknesses,  the  8"  and 
9"  columns  from  8  feet  to  15  feet  long,  the  10"  columns  from  10  feet 
to  20  feet  long. 

Table  XLVII  gives  columns  from  11"  to  13"  diameter,  and  Table 
XLVIII  from  14"  to  16"  diameter,  in  both,  of  different  thicknesses 
and  from  10  feet  to  20  feet  long. 

An  example  will  best  illustrate  the  use  of  table. 

Example  I. 
What  is  the  safe  load  on  a  hollow,  circular,  cast-iron  column,  with 
turned  ends,  IS  feet  long,  11"  diameter  and  H"  thick? 

Columns  of  11"  diameter  arc  given  in  Tal)lc  XLVII  to  which  we 

turn,  we  find  the  curve  marked  11  —  1^  —  44,8  cuts 

Example of^u^se   ^^^^    verticral    line     18     about     two-fifth    way    down 

between     the    horizontal    lines    15u    and     1. '».'),    our 

column  will  therefore  safely  carry  152  tons. 

Had  we  calculated  our  column  by  Formula  (."!)   wc  should  liave 


206  SAFE    BUILDING. 

had  from  Table  I,  section  No.  8  for 

512  _i_  42 
§2=r2_i^— 11,5G 

and  for  Z2;=  (18.12)2  =  21G2=r  46656. 

Inserting  the  values  in  Formula  (3)  we  have  the  safe  load 

\a  -  -J1l8-15000        _  _672000_  ^  g^g^^..,  pounds, 
•  .    46656.0,0003        1  +  1,2108  ^ 

""        li;56 
or,  151,98  or  say  152  tons  same  as  found  from  table. 

Now,  is  this  the  cheapest  section  for  that  load  and  length  of 
column.  Its  area  is  44,8  square  inches.  We  now  pass  to  the  next 
curve  below  and  to  the  right,  it  is  13  —  1—37,7  or  a  13"  diameter 
column,  1"  thick  will  be  cheaper,  as  its  area  is  only  37,7  square 
inches.  Then,  too,  it  is  stronger,  for  at  18  feet  long  it  will  carry  158 
tons  cutting  the  vertical  line  18  three-fifth  way  between  155  and  ICO. 
By  passing  further  along,  we  find  also  that  the  12"  diameter  1^" 
thick  column  of  42,1  square  inches  area  will  be  stronger,  carrying 
161  i  tons  safely  at  18  feet  of  length. 

By  referring  to   the  next   Table   XLVIII,  we  find   some  much 

cheaper  sections,  than    any  of   these.      For  the    14"  diameter,  |" 

thick  column,  has  only  31,2  square  inches  area  of  cross-section,  but 

we  find  it  carries  safely  only  143  tons  and  therefore  will  not  answer. 

However  the  14"  diameter  1"  thick  column,  has  only  40,9  square 

inches  of  area  and  carries  185  tons,  and  would  answer  therefore, 

provided    of    course,    larger    diameter   is   not    objectionable.      Or, 

cheapest  of  all  would  be  the  15"  diameter,  |"  thick  column  which 

has  only  33,6  square  inches  of  area  and  carries  161  tons.     The  16" 

diameter,  |"  thick  column  would  also  be  economical   having   only 

35,9  square  inches  of  area  and  carrying  180  tons  at  18  feet  of  length. 

In  wroufht-iron  construction,  any  number  of  shapes  of  columns  are 

used,  from   plain  flat   bars,  to   the  most   elaborate 

Shapes  of  combinations  of  the  different  shapes  rolled,  most  of 

wrought-iron^^  'which  are  given,  with  their  areas,  squares  of  radius 

of   gyration,  etc.,   in    Tables   XIX   to   XXV.      In 

Fio-ures    280   to    287    are   given    a   few   combinations,    which   are 

frequently  used  for  columns.      Besides  those  shown  there  are  fre- 

cjuently  used  combinations  of  I-beams  and  channels,  or  of  angles  and 

plates  formed  in  the  shape  of  plate  and  box-girders  stood  on  end. 

Fio-ure  280  shows  two  channels  latticed  together.     A  plate  might 
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be  used  in  place  of  latticing  if  the  channels  were  placed  as  shown  in 
Figure  281,  but  in  that  case  the  interior  would  not  be  accessible  for 
painting. 

Figure  281  is  more  easily  riveted  up  than  280,  but  is  not  quite  as 
strong. 

Figure  282  shows  an  elevation  with  wrought-iron  base,  and  Fio^ure 
283  the  side  view  of  base.     Architects  are  apt  to  use  cast  bases  with 


o 
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riG.  m. 


riG.  282. 


wrought-iron  work,  but  as  a  rule  a  wrought-iron  base  can  (and 
should)  be  designed,  which  will  not  only  be  better  adapted  to 
wrought-iron  construction,  but  will  be  cheaper  and  stronger,  and  has 
the  merit  that  it  can  be  riveted  fast  to  the  column  or  other  cunstruc- 
lion. 

Figure  284  shows  a  column  made  of  four  X  irons,  with  cintral 
plate.  It  has  the  great  merit  of  being  a  strong  column,  and  tlioniili 
of  five  parts,  it  recjuires  only  two  lines  of  rivets.     This  column  adaj)ts 
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itself  excellently  to  building  walls,  as  the  horizontal  wall  girders, 
and  floor  girders  are  easily  attached  to  it,  and  it  readily  holds  the 
"  lilling-in  walls  "  in  place,  without  the  use  of  anchors.  Then,  too, 
it  can  be  easily  covered  with  fireproof  blocks.  The  writer  recently 
erected  in  New  York  City,  a  fireproof  office-building,  ten  stories 
hifh  above  the  sidewalk,  with  only  twelve  inch  thick  brick  walls  all 
the  way  up,  by  using  these  columns  combined  with  horizontal  girders 
in  all  the  walls. 

Of  course,  in  such  construction,  proper  precautions  must  be  taken 
to  prevent  the  building  from  collapsing  under  wind  pressure.  In 
the  case  above  referred   to,  in  order  to  avoid  cross-partitions,  the 


m.  283. 


riG.234. 


flG.  255. 


wind-bracing  was  all  done  in  the  front  and  rear  walls,  and  in 
the  floor  levels. 

Figure  285  gives  a  combination  column  of  two  tees,  riveted 
together  with  separators. 

Figure  286  is  made  of  four  angle  bars  latticed  together,  a  very 
light,  but  strong  column. 

Figure  287  consists  also  of  four  angle  bars,  which  adapt  them- 
selves more  readily  to  fireproofing,  and  require  less  riveting,  but  the 
column  is  not  nearly  as  strong  as  the  previous  one.  In  the  last 
case  separators  are  used  in  place  of  lattice  bars. 

It  would  be  quite  impossible  to  give  any  curve  tables  for  wrought- 

iron    construction,    but   Table    XLIX   will  greatly 

Explanation  of    facilitate  the  calculation.      It  will  be  necessary  in 
Table  XLIX.  •' 

each  case  to  find  only  the  ratio   of   the  length   of 

column  (in  inches)  divided  by  the  radius  of  gyration,  or  the  s(|uare 

of  the  length,  divided  by  the  square  of  the  radius  of  gyration,  and 

look  up  the  value  per  square  inch  of  cross-section,  according  to  the 
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condition  of  ends  of  column,  and  tlie  assumed  safe  value  for  (  — ;  )■ 
The  table  is  calculated  respectively  for  8000,  10000  and  12000 
pounds  per  square  inch  values  for  (  — ,  j.     In  buildings  use  the  value 

12000  for  wrought-iron. 

To  find  the  ratio  look  up  the  value  of  the  square  of  the  radius  of 
gyration  in  the  tables,  or  if  it  is  not  given,  find  the  moment  of 
inertia  according  to  rules  given  in  Table  I  on  page  10  of  Vol.  I,  and 
divide  by  the  area,  see  page  9,  Vol.  I. 

It  should  be  borne  in  mind  that  where  pieces  are  doubled  or  their 
number  increased  along  the  same  neutral  axis,  the  moment  of  inertia 
■n-ill  be  doubled  or  increased  accordingly.  But  the  square  of  the 
radius  of  gyration  will  remain  constant,  as  it  simply  represents  a 


flG.  235. 


m.  287 


.m  256 


ratio,  and  the  area  and  moment  of  inertia  increasing  in  the  same 
amount,  their  ratio,  which  gives  the  square  of  the  radius  of  gyration, 
will,  of  course,  remain  constant.  In  some  cases,  it  will  be  easier  to 
find  the  radius  of  gyration,  instead  of  its  square,  and  in  such  cases 
the  second  column  in  Table  XLIX  should,  of  course,  be  used. 
An  example  will  best  illustrate  the  use  of  Table. 

Example  II. 
A  flat  eye-bar  of  wrought-iron  \\"  x6"  in  a  truss, 
of'Tabie  xux^.   ^^  li(Me  at  times  to  he  under  compressive  stress,  what 
will    it   safely  stand f       The  bar  is  5'  6"  long  from 
centre  to  centre  of  eyes. 

From  Table  I,  section  2,  we  have 
5  12 
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the  area  will  be 

n  =  11.6  =r  9  square  inches, 
and 

/2— 662=4356 
The  ends  being  eye-bars,  we  use,  of  course,  in  Table  II,  the  value 
n  for  "both  ends  pin  ends,"  or 
n  =  0,00005 
Inserting  the  values  in  Formula  (3)  we  have  for  the  safe  com- 
pressive strain, 

9.12000 


.4356.0,00005 


=  50232 


0,19 
Now  had  we  used  Table  XLIX  we  should  have  had  the  ratio 

il^4^5_6_  99996 
g2        0,19 

The  nearest  value  to  this  in  the  first  column  of  the  Table  is  22500 

and  under  the  heading  "  both  ends  pin  ends  "  for  a  value  of  (  y  )  = 

12000  pounds,  we  find  5655  which  is  the  safe  load  per  square  inch 
on  our  bar,  or  the  total  safe  strain, ^ 

«>^  9.5655  =  50895  pounds. 

Which  closely  approximates  the  above  result. 

In  our  case  it  would  have  been  easier  to  use  the  second  column  of 
Table  XLIX,  we  should  have  had 


8=vm>' 


^*  ^'^    —0,433 


4^12       3,464 

and  for  the  length 

1=66 

therefore  the  ratio 

1=-^  =152 
O       0,433 

The  nearest  value  to  this  in  the  second  column  of  Table  XLIX  is 

150  which  would  give  the  same  result  as  before. 

There   are   several  patent  wrought-iron   columns 

Phoenix  made,    of     which    the    "  Phoenix "    column    is    un- 

Columns. 

doubtedly  the  best. 

It  is  made  up  of  from  four  to  eight  segments,  riveted  together. 


'  (Obtained  by  multiplying  by  the  area  of  bar.) 
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Each  segment  somewhat  resembles  a  channel  with  the  web  bent  to  a 
segment  of  a  circle,  instead  of  being  straight. 

Figure  288  shows  one  of  the  smaller  columns,  made  up  of  four 
segments.  For  heavier  columns  each  segment  is  rolled  thicker,  as 
shown  in  the  figure  in  outline.  When  it  is  necessary  to  have  very 
heavy  columns  flat  pieces  are  inserted  between  each  flange,  as  shown 
in  Figure  289.  These  columns  can  be  readily  covered  with  fire- 
proof blocks  to  make  a  circular  finish  in  buildings,  and  are  larcrely 
used  both  for  this  reason,  and  on  account  of  their  great  strength, 
(owing  to  all  the  metal  being 
near  the  outer  edge). 

Table  L  gives  the  proper- 
ties of  these  columns,  as 
taken  from  the  hand-book  of 
the  Phoenix  Iron  Co. 

Column  G  is  made  in  eight 

sections,    column    E    in    six 

sections,  all  the  others  in  four 

sections. 

Explanation  of    !„  column  A 
Table  L. 

f"  rivets  are 

used ;   in  columns  B^  and  B- 

4"  rivets  are  used ;    -while  in 

the  others  |"  rivets  are  used, 

until  the  shell  becomes  over 

I"  thick  when  |"  rivets  are  used. 

The  thickness  given  is  the  thickness  of  shell ;  the  diameters  are 
the  "inside  diameter"  ;  "outside  diameter,"  (or  inside  diameter 
plus  the  two  thicknesses  of  shell)  ;  and  the  "diameter  over  all,"  tliat 
is  to  outside  of  flanges.  The  weight  per  yard  of  these  columns  will, 
of  course,  be  in  pounds,  ten  times  the  given  area.  It  will  be  noticed 
that  the  "  radius  of  gyration  "  is  given,  and  not  its  square,  -which 
will  make  the  use  of  Table  XLIX  in  connection  with  these  columns 
much  easier. 

When  calculating  the  load  on  a  column  it  should  be  borne  in  miud, 
that  if  the  girder  or  beam  is  coittinutnis  over  the  column,  the  loads 
will   be  equal  to    the   reactions    as   given    in  Table 
Load  °^^|^^^     ,tVir  on  pages  218  and  219  of  Vol.  I. 

If  the  girders  or  beams  overhang  cohunns  and  are 
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built    into  the  wall   at   the  other   end   (such  as    gallery  beams  for 

instance)  the  resjiective    loads   on  the  column  and 

Callery  beams,    ^^.^jj  ^^^^j  upward  pressure  on  wall  can  be  found  from 

Pormulse  116  to  119  inclusive. 

If  the  load  on  the  overhang  is  uniform  its  reaction  would  be  the 
same  as  a  similar  amount  of  load  concentrated  at  one-half  the  span 
of  overhang. 

If  the  beams  or  girders  are  inclined  they  can  be  calculated  the 
same  as  already  explained  (in  the  previous  chapter),  when  calcu- 
lating transverse  strains  on  rafters ;  and  the  amount  of  anchoring 
necessary  to  prevent  pulling  out,  can  readily  be  found  by  obtaining 
the  horizontal  thrust  by  the  graphical  method,  as  already  explained. 
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TABLE   XLV. 

STUKXGTII    OF    HOLLOW    CYLINDKICAL    COLUMNS    OF    CAST-IROX. 


LENGTH    OF    COLUMN   IN    FEET. 
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TABLE   XLVI. 

STRENGTH    OF    HOLLOW    CYLINDRICAL    COLUMNS    OF    CAST-IRON. 


LENGTH    OF    COLUMN    IN    FEET. 
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TABLE   XLVII. 

STRENGTH    OF    HOLLOW    CYLINDRICAL    COLUMNS    OF    CAST-IRON. 
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TABLE   XLVIII. 

STRENGTH    OF    HOLLOW    CYLINDRICAL    COLUMNS    OF    CAST-IRON. 
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TABLE   L. 

PROPERTIES    OF    PHOENIX   COLUMNS. 
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TABLE  LI. 

NATURAL    SINES,  ETC. 
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0,0054 

0,99452 

84 

7 

0,12186 

0,87813 

8,2055 

0.12278 

8,1443 

1,00750 

0,0074 

0.99254 

83 

8 

0,13917 

0,80082 

7,1852 

0,14054 

7.11.53 

1,00982 

0.0097 

0.99026 

82 

9 

(t,15(U3 

0,84356 

6,3924 

0,15838 

6.3137 

1,01246 

0,0123 

0,987(!8 

81 

10 

0,17364 

0,82635 

5,7587 

0,17632 

5,6712 

1,01542 

0.0151 

0,98480 

80 

11 

0,19080 

0,80919 

5.2408 

0,19438 

.5,1445 

1,01871 

0,0183 

0.98162 

79 

12 

0.20791 

0,79208 

4,8097 

0,21255 

4.7040 

1,02234 

0,0218 

0,97814 

78 

13 

0,22495 

0,77504 

4,44.54 

0,23086 

4,;iil4 

1,02(»0 

0,0256 

0.974;i7 

77 

14 

0,24192 

0,75807 

4.13.35 

0.24932 

4,0107 

1,03061 

0,0297 

0,97029 

76 

15 

0,25881 

0,74118 

3,8037 

0,26794 

3,7320 

1,03527 

0,0340 

0,96592 

75 

16 

0,27563 

0,72436 

3,6279 

0,28674 

3,4874 

1,04029 

0.0,387 

0,96126 

74 

17 

0,29237 

0.70702 

3,4203 

0,30573 

3,2708 

1,04569 

0.0436 

0,95C>:50 

73 

18 

0,3ii9"l 

0,09098 

3,2360 

0,32491 

3,0776 

1,0,5146 

0.0489 

0,95105 

72 

19 

0,325.56 

0,07443 

3,0715 

0,34432 

2.9042 

1,05762 

0,0.544 

0,94.551 

71 

20 

0,34202 

0,65797 

2.9238 

0,36397 

2,7474 

1,06417 

0,0603 

0,93969 

70 

21 

0,35836 

0,64163 

2,7904 

0,38386 

2,6050 

1,07114 

0.06G4 

0,93358 

69 

22 

0,37400 

0,62539 

2.6094 

0,40402 

2,4750 

1,078.53 

0,0728 

0,92718 

68 

23 

0,39073 

0,60926 

2,.5.593 

0,42447 

2,3r)58 

1,0,8656 

0,0794 

0,92050 

<i7 

21 

0,40673 

0.59326 

2.45S5 

0,44.522 

2,2460 

1,0SI4(» 

0.08(>4 

0,91.5.54 

6l> 

25 

0,42261 

0,57738 

2,3062 

0,46630 

2,1445 

1,10337 

0,0936 

0,90630 

65 

26 

0,43837 

0,56162 

2,2811 

0,48773 

2.0.-,03 

1.11260 

0,1012 

0,89879 

61 

27 

0.45399 

0,. 51600 

2,2026 

0,5(i9.')2 

1,9026 

1,12232 

0,1().S9 

0.89100 

tt3 

28 

0,46947 

0,53052 

2,1300 

0,.-)317O 

1,8807 

1.1:52.57 

0,1170 

0.8.S294 

62 

29 

0,48480 

0,.51519 

2.0626 

0.,5.543n 

1,8040 

1,143:55 

0.12.53 

0,S74(;i 

61 

30 

0,50000 

0,50000 

2,0000 

0,57735 

1,7320 

1,15470 

0,1339 

0,86602 

60 

31 

0,51.503 

0,4,S406 

1.0416 

0.60086 

1,6642 

1,16663 

0,1428 

0,85716 

59 

32 

0.52991 

0,47(1(18 

1  ..SS70 

0,62486 

1,6003 

1,17917 

0,1519 

0,84804 

58 

33 

0,.544G3 

0,-4.J5.J6 

]..s:;(;o 

0,(^940 

1,.5398 

1,192.36 

0.1613 

0,83867 

57 

34 

0,5.->919 

0,44(180 

1 .7.SS2 

0,67450 

1,4825 

1,20621 

0.1709 

0.82903 

5(i 

35 

0,57357 

0,42642 

1,7434 

0,70020 

1,4281 

1,22077 

0,1808 

0,81915 

55 

36 

0.58778 

0,41221 

1,7013 

0,72654 

1,.3763 

1,23606 

0,1909 

0,80901 

.54 

37 

0,00181 

0.39818 

1,6616 

0,7.5.3r).5 

1..3270 

1.2.5213 

0.2013 

0,798lL3 

.5:! 

38 

0,61.566 

0,38433 

1.6242 

0.78128 

1.2799 

1 .2()90l 

0,2119 

0.7S,S.'l 

,52 

39 

0,029.32 

0.37007 

1..-..890 

0,80978 

1,2348 

1.2,S675 

0.2228 

0,77714 

51 

40 

0,61278 

0.35721 

1,5557 

0,83900 

1,1917 

1,30540 

0,2339 

0,76604 

50 

41 

0,65605 

0,.34.394 

1..5242 

0,86928 

1,1.503 

1.. 32,501 

0,2452 

0,7.5470 

49 

42 

0,6(;913 

0,."J3()86 

1,4944 

0,90040 

1,1106 

1  .;i4563 

0,2568 

0,74314 

4.S 

43 

0,(iSI!»9 

0.31 80(J 

1 ,4062 

0.9.3251 

1,0723 

l,:i67.52 

0.2686 

0.7;il:ii-i 

47 

44 

0,(;!l4(o 

0.30.5:J4 

1,4.!95 

0.96."i68 

1.0.3,55 

l.:t90I6 

0.2.806 

0.719.13 

46 

45 

0,70710 

0,29289 

1,4142 

1  .OOUOO 

1,0000 

1,41421 

0,2028 

0,70710 

45 

CoBinp.    Versiii. 

Secant. 

Cotang. 

Tangt. 

Copecnt. 

Covers. 

Sine. 

V 

01 

For  angle 

s  over  45°. 

1 

Note 
greale 


I?  :  If  angle  is  snnallJT  tlian  45''  use  top  lieailinex  ami  rem 
r  tlian  45-'  uBe  b(jltoni  lit.-it(liiigH  hu<1  ri-ad  uiiwiinlM. 


I  (lownwanlH,  If 
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TABLE   LI.     (Continued.) 

G  r 


If  angle  C  B  A  =  90° 
and  A  C  =  1 

then : 

FOR   ANGLE    C    A    T>. 

Sine  =  C  B 

Coversine  :=:  H  I  =  G  C 
Cosecant  =  A  F 
Tangent  =  K  E 
Cotangents  H  F 
Secant  ==  A  K 
Versine  =  B  E  =  C  D 
Cosine        =r:  A  B 


If  angle  CAB  =  A  and  an<rle  ACB  =  C;  and  A  +  C  =  Oo° 
and  A  C  r=  c ;  C  B  =  o  ;  and  A  B  ^  i,  then  : 

Sine  A  =  Cosine         C  =  — 

c 

c  —  a 


Coversine  A  =  Versine       C  ^  — 


a 

Tangent 

A  = 

:  Cotangent  C 

a 

Cotangent 

A  = 

Tangent      C 

a 

Secant 

A  = 

Cosecant     C 

c 

Versine 

A  = 

Coversine  C 

_c  — 6 
c 

Cosine 

A  = 

Sine             C 

_b 
c 

c2  =  a2j-^ 

C    =.  V'a^  +  62 

a    =  V^c2  —  62  =  V(c+b).(c—b) 

b    =  \'c-  —  a2  =  \'(c  +  a).[c  —  a) 


TABLE    LII. 
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TABLE   LII. 

NATURAL    SINES,    TANGENTS    AND    SECANTS, 
Advancing  by  10  min. 


si   3 

6 

a 

a 

a 
ri 

a 

d 

a 

a 

a 
o 

a 

08 

1 
a 

03 
« 

CO 

to 

Q 

a' 

6 

a 

a 

0) 

1 

a 

03 

O 

03 
10 
20 

,0000 
,0029 
,0058 

,0000 
,0029 
,0058 

1 
1,0000 

i,nooo 

1,0000 

8 

00 
10 
20 

,1392 
,1421 
,1449 

,1405 
,1435 
,1465 

1,0098 
1.0102 
1,0107 

16 

00 
10 
20 

,2756 
,2784 
,2812 

.2867 
,2899 
,2931 

1,0403 
1.0412 
1,0421 

30 
40 
50 

,0087 
,0116 
,0145 

,0087 
,0116 
,0145 

1,0000 
1,01101 
1,0001 

30 
40 
50 

,1478 
,1507 
,1536 

,1495 
,1524 
,1554 

1,0111 
1,0116 
1,0120 

30 
40 
50 

,2840 
,2868 
,2896 

,2962 
.2994 
,3026 

1,0429 
1,0439 
1,0448 

1 

no 
10 
20 

,0175 
,0204 
,0233 

,0175 
,0-'()4 
,0233 

i,noo2 

1,0002 
1,0003 

9 

00 
10 
20 

,1564 
,1593 
,1622 

,1.584 
,1614 
,1644 

1,0125 
1,0129 
1,0134 

17 

00 
10 
20 

,2924 
,2952 
,2979 

,3057 
,3089 
,3121 

1.04.57 
1.0466 
1,0476 

30 
40 
50 

,0262 
,0291 
,0320 

,0262 
,0291 

,03:i0 

1,0003 
1,0004 
1,0005 

30 
40 
50 

,1650 
,1679 
,1708 

,1673 
,1703 
,1733 

1,0139 
1,0144 
1,0149 

30 
40 
50 

,3007 
,3035 
,3062 

,3153 
,3185 
,3217 

1,0485 
1,0495 
1,0505 

2 

00 
10 

20 

,0349 

,0378 
,0407 

,0349 
,0378 
,0407 

1.0006 
1.0i)(l7 
1,0008 

10 

00 
10 
20 

,1736 
,1765 
,1794 

,1763 
,1793 
,1823 

1,0154 
1,0160 
1,0165 

18 

00 
10 
20 

,3090 
,3118 
,3145 

,3249 
,3281 
,3314 

1,0515 
1,0,525 
1,0535 

- 

30 

40 
50 

,0436 
,0465 
,0494 

,0437 

,0466 
,0495 

1,0010 
1,01)11 
1,0012 

30 
40 
50 

,1822 
,1851 
,1880 

,ia53 
,1X83 
,1914 

1.0170 
1,0176 
1,0181 

30 
40 
50 

,3173 
,3201 
,3228 

,3346 
,3378 
,3411 

1,0.545 
1,0555 
1,0566 

8 

00 
10 
20 

.0523 
'.0552 
,0581 

,0524 
,0553 
,0582 

1,0014 
1,0015 
1,0017 

11 

00 
10 
i:0 

,1908 
,1937 
,1965 

,1944 
,1974 
,2004 

1,0187 
1,0193 
1,0199 

19 

00 
10 
20 

,3256 
,3283 
,3311 

,3443 
,3476 
,3508 

1.0576 
1.0587 
1,0.598 

30 
40 
50 

,0610 
,0640 
,0669 

,0612 
,0641 
,0670 

1,0019 
1,0021 
1.0022 

30 
40 
50 

.1994 
.2022 
,2051 

,2035 
,2065 
,2095 

1,0205 
1,0211 
1,0217 

30 
40 
50 

,3338 
,3365 
,3393 

,3.541 
,3574 
,3607 

1,0608 
1,0619 
1,0631 

4 

00 
10 
20 

,0698 
,0727 
,0756 

,0699 
.0729 
,0758 

1.0024 
1.0027 
1,0029 

IS 

00 
10 
liO 

,2079 
,2108 
,2136 

,2126 
,2156 
,2186 

1.0223 
1,02:50 
1,0236 

20 

00 
10 
20 

,3420 
,3448 
.3475 

,3640 
,3673 
,3706 

1,0642 
1,0653 
1,0665 

30 
40 
50 

,0785 
,0814 
,0843 

,0787 
,0816 
,0846 

1,0031 
1.01)33 
1,0036 

30 
40 
50 

,2164 
,2193 
,2221 

,2217 
,2247 
,2278 

1,0243 

1,0249 
1,0256 

30 
40 
50 

,3502 
,3,529 
,3557 

,3739 
,3772 
,3805 

1,0676 
1.0688 
1,0700 

6 

00 
10 
20 

,0872 
,0901 
,0929 

,0875 
,0904 
,0934 

1,00.38 
1,01)41 
1,0043 

13 

00 
10 
20 

,2250 

,2278 
,2306 

,2309 
,2339 
,2370 

1,0263 
1.0270 
1,0277 

21 

00 
10 
20 

.3584 
,3011 
,3638 

..38.39 
,3872 
,3906 

1,0711 
1.0723 
1,0736 

30 
40 
50 

,0958 
,0987 
,1016 

,0963 
.09;t2 
,1022 

1 .0046 
1.11049 
1,0052 

30 
40 
50 

,2334 

,2."!63 
,2391 

,2401 
,2432 
,2462 

1,0284 
1.0201 
1,0299 

30 
40 

50 

,3665 
.3)i92 
,3719 

,3939 
,3973 
.4006 

1.0748 
1.07(10 
1,0773 

6 

00 
10 
20 

,1045 
,1074 
,1103 

,1051 
,1080 
,1110 

1,00.55 
1,00.'>8 
1,0061 

14 

00 
10 
20 

,2419 
,2447 
,2476 

,2493 
,2524 
,2555 

1,0.306 
1,0314 
1,0321 

22 

00 
10 
20 

,3746 
,3773 
,3800 

,4040 
,4074 
,410s 

1,0785 
1,0798 
1,0811 

30 
40 
60 

,1132 
,1161 
,1190 

,1139 
,1169 
,1198 

1.0065 
1 ,0068 
1.0072 

30 
40 
50 

.2504 
,25;J2 
,2500 

,2.586 
.2(il7 
,2648 

1,0.329 
1,0337 
1,0345 

30 
40 
60 

,3827 
,38,54 
,3881 

,4142 
.4176 
,4210 

1,0824 
1,08.17 
1,0S.50 

7 

00 
10 
20 

,1219 
,1-J48 
,1276 

,1228 
,ljr.7 
,12H7 

1,007,'5 
1,0079 
1 ,0082 

15 

00 
10 
20 

.2'-«S 
,2618 
,2644 

,2679 
,2711 
,2742 

l.().ir.l 
1,0369 

23 

00 
10 
20 

,3907 
.,"«)  (4 
,3961 

,4245 
,4279 
,4314 

1,0RG4 
1 ,0«77 
l,OK<ll 

30 
40 
50 

,1305 
,L'm 
,1363 

,1317 
,1310 
,1376 

1,0086 
1  .().)90 
1,0094 

30 
40 
50 

,2672 
,2700 
,2J28 

,2773 
,2W)5 
,2x36 

1,0.177 

l.o:)Ki( 

1,0394 

.30 
40 
50 

,3987 
,4014 
,4041 

.4348 
,4:»W3 
,5417 

1,0904 
1,0918 
1.0932 
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TABLE    LII.  —  NATURAL    SIXES,    TAXGENTS   AND    SECAXTS, 
(CO>'TINUED). 


84 


26 


87 


S8 


S9 


30 


00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 

40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 


,4067 
,4094 
,4120 

,4147 
,4173 
,4200 

,4226 
,4253 
,4279 

,4305 
,4331 
,4358 

,4384 
,4410 
,4436 

,4462 
,4488 
,4514 

,4540 
,4566 
,4592 

,4617 
.4043 
,4669 

,4695 
,4720 
,4746 

,4772 
,4797 
,4823 

,4848 
,4874 
,4899 

,4924 
,4950 
,4975 

,5000 
,5025 
,5050 

,5075 
,5100 
,5125 


31  j  00  ,5150 
10  ,5175 
20   ,5200 


,5225 
,5250 
,5275 


,4452 
,4487 
,4522 

,4557 
,4592 
,4628 

,4663 
,4699 
,4734 

,4770 
,4806 
,4841 

,4877 
,4913 
,4950 

,4986 
,5022 
,5059 

,5095 
.5132 
.5169 

,5206 
,5243 
,5280 

,5317 
,5354 
,5392 

,5430 
,5467 
,5505 

,5543 

,5581 
,5619 

,5658 
,5696 
,5735 

,5774 
,5812 
,5851 

,6890 
,5930 
,5969 

,6009 
,6048 


,6128 
,6168 
,6208 


1,0946 
1,0961 
1,0975 

1,0989 
1,1004 
1,1019 

1,1034 
1,1049 
1,1064 

1,1079 
1,1095 
1,1110 

1,1126 
1,1142 
1,1158 

1,1174 
1,1190 
1,1207 

1,1223 
1,1240 
1,1257 

1,1274 
1,1291 
1,1308 

1,1326 
1,1343 
1,1361 

1,1379 
1,1397 
1,1415 

1,1434 
1,1452 
1,1471 

1,1490 
1,1509 
1,1528 

1,1547 
1,1566 
1,1586 

1.1606 
1,1626 
1,1646 

1,1666 
1,1687 
1,1707 

1,1728 
1,1749 
1,1770 


38    00 

10 
20 

30 
40 
50 


33 


35 


36 


37 


39    00 

10 
20 

30 
40 
50 


,5299 
,5324 
,5348 

,5373 

,5398 
,5422 

,5446 
,5471 
,5495 

,5519 
,5544 
,5568 

,5592 
,5616 
,5640 

,5664 

,5688 
,5712 

,5736 
,5760 
,5783 

,5807 
.5831 
,5854 

,5878 
,5901 
,5925 

,5948 
,5972 
,5995 

,6018 
,6041 
,6065 

,6088 
,6111 
,6134 

,6157 
,6180 
,6202 

,6225 
,6248 
,6271 

,6293 
,6316 
,6338 

,6361 
,6383 
,6406 


,6249 
,6289 
,6330 

,6371 
,6412 
,6453 

,6494 
,6536 
,6577 

,6619 
,6661 
,6703 

,6745 
,6787 
,6830 

,6873 
,6916 
,6959 

,7002 
,7046 
,7089 

,7133 

,7177 
,7221 

,7265 
,7310 
,7355 

,7400 
,7445 
,7490 

,7536 
,7581 
,7627 

,7673 
,7720 
,7766 

,7813 

,7860 
,7907 

,7954 
,8002 
,8050 

,8098 
,8146 
,8195 

,8243 
,8292 
,8342 


1,1792 
1,1813 
1,1835 

1,1857 
1,1879 
1,1901 

1,1924 
1,1946 
1,1969 

1,1992 
1,2015 
1,2039 

1,2062 
1,2086 
1,2110 

1,2134 
1,2158 
1,2183 

1,2208 
1.2233 
1,2258 

1,2283 
1,23(19 
1.2335 

1,2361 
1,2387 
1,2413 

1,2440 
1,2467 
1,2494 

1,2521 
1,2549 
1,2577 

1,2605 
1,2633 
1,2661 

1,2690 
1,2719 
1,2748 

1 .2778 
1,2808 
1,2837 

1,2868 
1,2898 
1,2929 

1,2960 
1,2991 
1,3022 


41 


48 


43 


44 


45 


46 


47 


,6428 
,6450 
,6472 

,6494 
,6517 
,6539 

,6561 
,6583 
,6004 

,6626 
,6648 
,6670 

,6691 
,6713 
,6734 

,6756 
,6777 
,6799 

,6820 
,6841 
.6862 


,6905 
,6926 

,6947 
,6967 
,6988 

,7009 
,7030 
,7050 

,7071 
,7092 
,7112 

.7133 
,7153 
,7173 

,7193 

,7214 
,7234 

,7254 
,7274 
,7294 

,7314 
,7333 
,7353 

,7373 

,7392 
.7412 


,8391 
,8441 
,8491 

,8541 
,8591 
,8642 

,8693 
,8744 
,8796 

,8847 
,8899 
,8952 

,9004 
,9057 
,9110 

,9163 
,9217 
,9271 

,9325 
,9380 
,9435 

,9490 
,9545 
,9601 

,9657 
,9713 
.9770 


,9942 

1,0000 
1,0058 
1,0117 

1,0176 
1,0235 
1,0295 

1,0355 
1.0416 
1,0477 

1,0538 
1,0599 
1,0661 

1,0724 
1,0786 
1,0850 

1,0913 
1,0977 
1,1041 


1,3054 
1,3086 
1,3118 

1.3151 
1,3184 
1,3217 

1,3250 
1,3284 
1,3318 

1,3352 
1,3386 
1,3421 

1,3456 
1,3492 
1,3527 

1.3563 
1,3600 
1,3636 

1,3673 
1,3711 
1,3748 

1,3786 
1,3824 
1,3863 

1.3902 
1,3941 
1,3980 

1,4020 
1,4061 
1,4101 

1,4142 
1,4183 
1,4225 

1,4267 
1,4310 
1,4352 

1,4396 
1,4439 
1,4483 

1,4527 
1.4572 
1,4617 

1,4663 
1,4709 
1,4755 

1,4802 
1,4849 
1,4897 
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TABLE    LII.  —  NATURAL     SINES,    TANGENTS    AND    SECANTS, 
(CONTINUED). 


6 
In 

•    a 

s 

1 

i 

a 

s 

fl 

1 

a 

B 

a 
o 

bO 

B 
cS 

a 

03 

48 

00 
10 
20 

,7431 
,7451 
,7470 

1,1106 
1,1171 
1,1237 

1,4945  ' 

1,4993 

1,5042 

56 

00 
10 
20 

,8290 
.8307 
,8323 

1,4826 
1,4919 
1,5013 

1,7883 
1,7960 
1,8039 

64 

00 
10 
20 

,8988 
,9001 
,9013 

2,0503 
2,06,55 
2,0809 

2,2812 
2,2949 
2,3088 

30 
40 
50 

.7490 

,750!) 
,7528 

1,1303 
1,1369 
1,1436 

1.5092 
1.5141  [ 
1,5192  i 

30 

40 
50 

,8339 
,8355 
,8371 

1,5108 
1,5204 
1,5301 

1,8118 
1,8198 
1,8279 

30 
40 
50 

,9026 
,9038 
,9051 

2,0965 
2,1123 
2,1283 

2,3228 
2,3371 
2,3515 

49 

00 
10 
20 

,7547 
,7566 
,7585 

1,1504 
1.1571 
1,1640 

1.5243     5-7 
1.5294 
1,5345   , 

00 
10 
20 

,8387 
,8403 
,8418 

1,5399 
1,5497 
1,5597 

1,8361 
1,8443 

1,8527 

65 

00 
10 
20 

,9063 
,9075 
,9088 

2,1445 
2,1609 
2,1775 

2,3662 
2,3811 
2,3961 

30 

40 
60 

,7604 
,7623 
,7642 

1,1708 
1,1778 
1,1847 

1,5398 
l,54f>0 
1,5504 

30 
40 
50 

,8434 
,8450 
,8465 

1,5697 
1,579S 
1,5900 

1,8612 
1,8699 
1,8783 

30 

40 
50 

,9100 
,9112 
,9124 

2,1943 
2,2113 
2,2286 

2,4114 
2,4209 
2,4426 

60 

00 
10 
20 

,7660 
,7679 
,7698 

1,1918 
1,1988 
1,2059 

1,5557 
1,5611 
1,5666 

58 

00 
10 
20 

.8480 
,8496 
,8511 

1,6003 
1,6107 
1,6213 

1,8871 
1,8959 
1,9048 

66 

00 
10 
20 

,9135 
,9147 
,9159 

2,2460 
2,2637 
2,2817 

2,4586 
2,4748 
2,4912 

30 
40 
50 

,7716 
,77:i5 
,7753 

1,2131 

1,2-J03 
1,2276 

1,5721 

1,5777 
1,5833 

30 

40 
50 

.8526 
,8542 
,8557 

1,6319 
1,6426 
1,6534 

1.9139 
1,9230 
1,9323 

30 
40 
50 

,9171 

,9182 
,9194 

2,2998 
2,3183 
2,3369 

2,.5078 
2..5247 
2,.54l9 

51 

00 
10 
20 

,7771 

,77!tO 
,7808 

1,2349 
1.2423 
1,2497 

1,5890 
1,5948 
1,6005 

69 

00 
10 
20 

,8572 
,8587 
,8601 

1,6643 
1,6753 
1,6864 

1,9416 
1,9511 
1,9606 

67 

00 
10 
20 

,9205 
,9216 
,9228 

2,35,59 
2,37.50 
2,3945 

2,5593 
2,.5770 
J.5949 

30 
40 
50 

,7826 
,7844 
,7862 

1,2572 
1.2647 
1,2723 

1,6064 
1,6123 
1,6183 

30 
40 
50 

,8616 
,8631 
,8646 

1.6977 
1,7090 
1,7205 

1,9703 
1,9801 
1,9900 

30 
40 

50 

,9239 
,9250 
,9261 

2,4141 
2,4342 
2,4545 

2,6131 
2,6316 
2,6504 

62 

00 
10 
20 

,7880 
,7898 
,7916 

1.2799 
1,2876 
1,2954 

1,6243 

1.6303 
1,6365 

60 

00 
10 
20 

,8660 

,8675 
,8689 

1,7321 
1,7437 
1,7556 

2,0000 
2,0101 
2,0204 

68 

00 
10 
20 

,9272 
,92X3 
,9293 

2,4751 
2,4960 
2,5172 

2,6695 

2,6888 
2,7085 

30 
40 
50 

,7934 
,7951 
,7969 

1,3032 
1,3111 
1.3190 

1,6427 
l,648;t 
1,6553 

30 
40 
50 

,8704 
,8718 
,8732 

1,7675 
1,7796 
1,7917 

2,0308 
2,0413 
2,0519 

30 
40 
50 

,9304 
,9315 
,9325 

2.5386 
2.5t>05 
2,5826 

2,7285 
2,7488 
2,7695 

63 

00 
10 
20 

,7986 
,8001 
,8021 

1,3270 
1,3:»1 
1.3432 

1,6616 
1.6681 
1,6746 

61 

00 
10 
20 

,8746 
,8760 
,8774 

1,8040 
1,8165 
1,8291 

2.0627 
2,0736 
2,0846 

69 

00 
10 
20 

,9336 
,9346 
,9356 

2,6051 
2.6279 
2,6511 

2,7904 
2,8117 
2,83ai 

30 
40 
50 

,8039 
,8056 
,8073 

1,3514 
1,3597 
1,3680 

1,6812 

1,6H78 
1,6945 

30 
40 
50 

,8788 
,8802 
,8816 

1,8418 
1,8.546 
1,8676 

2,0957 
2,1070 
2,1185 

30 
40 
50 

,9367 
,9;!77 
,9387 

2,6746 
2,6985 
2,7228 

2,8555 
2,8779 
2,900C 

64 

00 
10 
20 

,8000 
,8107 
,8124 

1.3764 
1.3848 
1,3934 

1,7013 
1,7081 
1,7151 

63 

00 
10 
20 

,8829 
.8X43 
,8857 

1,8807 
1.X940 
1,9074 

2,1301 
2,1418 
2,1537 

70 

00 
10 
20 

,9:!97 
,9407 
,9417 

2.7475 
2.7725 
2,7980 

2,9238 
2,9474 
2,9713 

30 
40 
50 

,8141 

,8158 
,8175 

1,4019 
1.4106 
1,4193 

1.7221  i 

1,7291 

1,7362 

30 
40 
50 

,8870 
,88K4 
,8897 

1,9210 
1,9;{47 
1,9486 

2,1657 
2,1786 
2.1902 

30 
40 
60 

,9426 
,94:«i 
,9446 

2,8239 
2,8.501' 
2,8770 

2.9967 
3,0206 
3,0458 

66 

00 
10 
20 

,8192 
,K1'0S 
,8225 

1,4281 
1.4370 
1,4460 

1,7434 
1,7507 
1,7581 

63 

00 
10 
20 

,8910 
,892:< 
,8936 

1.9626 
1.97liK 
1,9912 

2,2027 
2,21.'i3 
2,2282 

71 

00 
10 
20 

.94.55 
.94115 
.9-174 

2.9042 
1.9319 
2,9000 

3,0716 
3.0977 
3,1244 

30 
40 
50 

,8241 

,82.'i« 
,8274 

1.4550 
1,4(U1 
1.4733 

1.7655 
1,7730 
1,7806 

30 
40 
50 

,8949 
,8962 
,8975 

2,0057 
2,0204 
2,0353 

2.2412 
2,2543 
2,2677 

30 
40 
60 

.94H3 
,<.M92 

,9:kj2 

2.9887 
3,0178 
3.0476 

3.1515 
3,1792 
3,2074 
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78 


00 
10 
20 

30 
40 
50 

•73    00 

10 
20 

30 
40 
50 


74 


75 


77 


00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 

00 
10 
20 

30 
40 
50 


9511 
9520 
9528 


,9537  3,1716 
9546  3,2041 
9555      3,2371 


3,0777 
3,1084 
3,1397 


9563 

9572 
9580 

9588 
9596 
9605 

9613 
9621 
9628 

9636 
9644 
9652 

9659 
9667 
9674 

,9681 
9689 
9696 

9703 
9710 
9717 

9724 
973) 
,9737 

9744 
9750 
9757 

9763 

9769 
9775 


3,2709 
3,3(152 
3,3402 

3,3759 
3,4124 
3,4495 

3,4874 
3,5261 
3,5656 

3,6059 
3,6470 
3,6891 

3,7321 

3,7760 
3.8208 

3,8667 
3,9136 
3,9617 

4,0108 
4,0611 
4,1126 

4,1653 
4,2193 
4,2747 

4,3315 

4,3897 
4,4494 

4,5107 
4,5736 
4,6382 


3,2361      78 

3,2653 

3,2951 


3,3255 
3,3565 
3,3881 


3,4203 
3,4532 
3,4867 

3,5209 
3,5559 
3,5915 

3,6280 
3,6652 
3,7032 

3,7420 

3,7817 
3,8222 

3,8637 
3,9061 
3,9495 

3,9939 
4.0394 
4,0859 

4,1336 
4,1824 
4,2324 

4,2837 
4,3362 
4,3901 

4,4-154 

4,5022 
4,5604 

4,6202 
4,6817 
4,7448 


79 


81 


82 


97S1 
,9787 
9793 

9799 
,9805 
,9811 

9816 

9822 


9833 
,9838 
9843 


,9853 
9858 

9863 
9868 
2 


,9881 
9886 

9890 
9894 
9899 

9903 
9907 
9911 

9914 
9918 
9922 

9925 
9929 
9932 

9936 
9039 
,9942 


4,7046 
4,7729 
4,8430 

4,9152 
4,9894 
5,0658 

5,1446 
5,2257 
5,3093 

5,3955 
5,4845 
5,5764 

5,6713 
5,7694 
5,8708 

5,9758 
6,0844 
6,1970 


6,6912 
6,8269 
6,9682 

7,H54 

7,2687 
7,4287 

7,5958 
7,7704 
7,9530 

8,1443 
8,3450 
8,5555 

8,7769 
9,0098 
9,2553 


4,8097 
4,8765 
4,9452 

5,0159 
5,0886 
5,1636 

5,2408 
5,3205 
5,4026 

5,4874 
5,5749 
5,6653 


5,8554 
5,9554 

6,0589 
6,1661 
6,2772 


6,31.38  6,3925 
6,4348  6,5121 
6,5600      6,6363 


6,7655 
6,8998 
7,0396 

7,1853 
7,3372 
7,4957 

7,6613 
7,8344 
8,0156 

8,2055 
8,4047 
8,6138 

8,8337 
9,0652 
9,3092 


84 


86 


88 


89  00 

I  10 
20 

30 

40 
50 

90  i  00 


,9945 
,9948 
,9951 

,9954 
,9957 
,9959 

,9962 
,9964 
,9967 

,9969 
,9971 
,9974 

,9976 
,9978 
,9980 

,9981 
,9983 
,9985 


87  00  ,9986 
10  ,9988 
20   ,9989 


,9990 
,9992 
,9993 

,9994 
,9995 
,9996 


30   ,9997 

40  I  ,9'.I97 
50   ,9998 


9,5144 

9,7882 
10,0780 


9,5668 
9,8391 
10,1275 


10,3854  10,4334 
10,7119  10,7585 
11,0594  11,1045 


11,430 
11.826 
12,251 

12.706 
13,197 
13,727 

14,301 
14,924 
15,605 

16,3,50 
17,169 
18,075 

19,081 
20,206 
21,470 

22,904 
24,542 
26,432 

28,6,36 
31,242 
34,368 

38,188 
42,964 
49,104 


,9998  i  57,290 
,9999  68,750 
,9999   85,940 

1,0000  114,589 
1,0000  171,885 
1,0000  343,774 

1,0000  ,  Infinite 


11,474 
11,868 
12,291 

12,745 
13,235 
13,763 

14,336 
14,958 
15,637 

16,380 
17,198 
18,103 

19,107 
20,230 
21,494 

22,926 
24,562 
26,451 

28,654 
31,258 
34,382 

38,202 
42,976 
49,114 

57,299 

68,757 
85,946 

114,593 

171,888 
343,775 

Infinite 
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TABLE   LIII. 

LOGARITHMS    OF   NUMBERS. 


No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

10 

0000 

0043 

0086 

0128 

0170 

0212 

0253 

0294 

0334 

0374 

40 

11 

0414 

0453 

0492 

0531 

0569 

0607 

0645 

0682 

0719 

0755 

37 

12 

0792 

0828 

0864 

0899 

0934 

0969 

1004 

1038 

1072 

1106 

33 

13 

1139 

1173 

1206 

1239 

1271 

1303 

1335 

1367 

1399 

1430 

31 

14 

1461 

1492 

1523 

1553 

1584 

1614 

1644 

1673 

1703 

1732 

29 

15 

1761 

1790 

1818 

1847 

1875 

1903 

1931 

1959 

1987 

2014 

27 

16 

2041 

2068 

2095 

2122 

2148 

2175 

2201 

2227 

2253 

2279 

25 

17 

2304 

2330 

2355 

2380 

2405 

2430 

2455 

2480 

2504 

2529 

24 

18 

2553 

2577 

2601 

2625 

2648 

2072 

2095 

2718 

2742 

2765 

23 

19 

2788 

2810 

2833 

2856 

2878 

2900 

2923 

2945 

2907 

2989 

21 

20 

3010 

3032 

3054 

3075 

3096 

3118 

3139 

3160 

3181 

3201 

21 

21 

3222 

3243 

3263 

3284 

3304 

3324 

3345 

3365 

3385 

3404 

20 

22 

3424 

3444 

3464 

3483 

;J502 

3522 

3541 

3560 

3579 

3598 

19 

23 

3617 

3636 

3655 

3674 

3692 

3711 

3729 

3747 

3706 

3784 

18 

24 

3802 

3820 

3838 

3856 

3874 

3892 

3909^ 

3927 

3945 

3962 

17 

25  3979  1 

3997 

4014 

4031 

4048 

4005 

4082 

4099 

4116 

4133 

17 

26 

4150 

4160 

4183 

4200 

4216 

4232 

4249 

4265 

4281 

4298 

16 

27 

4314 

4330 

4346 

43<12 

4378 

4393 

4409 

4425 

4440 

4456 

16 

28 

44  72 

4487 

4502 

4518 

4533 

4548 

4504 

4579 

4594 

4009 

15 

29 

4624 

4639 

4654 

4669 

4683 

4698 

4713 

4728 

4742 

4757 

14 

30 

4771 

4786 

4800 

4814 

4829 

4843 

4857 

4871 

4886 

4900 

14 

31 

4914 

4928 

4942 

4955 

4969 

4983 

4997 

5011 

5024 

5038 

13 

32  -"^051  1 

5065 

6079 

5092 

5105 

5119 

5132 

6145 

5159 

5172 

13 

33 

5185 

6198 

5211 

5224 

5237 

5250 

6263 

6276 

6289 

5302 

13 

34 

5315 

5328 

5340 

5353 

6366 

5378 

5391 

5403 

5416 

5428 

13 

35  a441 

5453 

5405 

54  78 

5490 

5502 

5514 

5527 

5539 

5551 

12 

36  o5G3 

5575 

6587 

6599 

6611 

5623 

5635 

604  7 

5058 

5670 

12 

37  5082 

5694 

5705 

5717 

5729 

5740 

5752 

5763 

5775 

5786 

12 

38  5  798 

5809 

5821 

5832 

6843 

6855 

5860 

5877 

5888 

6899 

12 

39 
No. 

5911 

5922 

5933 

5944 

5955 

6906 

5977 

5988 

6999 

0010 

11 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 
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No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

40 

6021 

6031 

6042 

6053 

6064 

6075 

6085 

6096 
6201 

6107 
6212 

6117 
6222 

11 

41 

6128 

6138 

6149 

6160 

6170 

6180 

6191 

10 

42 

6232 

6243 

6253 

6263 

6274 

6284 

6294 

6304 

6314 

6325 

10 

43 

6335 

6345 

6355 

6365 

6375 

6385 

6395 

6405 

6415 

6425 

10 

44 

6435 

6444 

6454 

6464 

64  74 

6484 

6493 

6503 

6513 

6522 

10 

45 

6532 

6542 

6551 

6561 

6571 

6580 

6590 

6599 

6609 

66  IS 

10 

46 

6628 

6637 

6646 

6656 

6665 

6675 

6684 

6693 

6702 

6  712 

9 

47 

6721 

6730 

6739 

6749 

6758 

6767 

6776 

6785 

6  794 

6803 

9 

48 

6812 

6821 

6830 

6839 

6848 

6857 

6866 

6875 

6884 

6893 

9 

49 

6902 

6911 

6920 

6928 

6937 

6946 

6955 

6964 

6972 

6981 

9 

50 

6990 

6998 

7007 

7016 

7024 

7033 

7042 

7050 

7059 

706  7 

9 

51 

7076 

7084 

7093 

7101 

7110 

7118 

7126 

7135 

7143 

7152 

8 

btA 

7160 

7168 

7177 

7185 

7193 

7202 

7210 

7218 

7226 

7235 

8 

53 

7243 

7251 

7259 

7267 

7275 

7284 

7292 

7300 

7308 

7316 

8 

54 

7324 

7332 

7840 

7348 

7356 

7364 

73  72 

7380 

7388 

7396 

8 

55 
56 

7404 

7412 

7419 

7427 

7435 

7443 

7451 

7459 

7466 

74  74 

8 

7482 

7490 

7497 

7505 

7513 

7520 

7528 

7536 

7543 

7551 

8 

67 

7559 

7566 

7574 

7582 

7589 

7597 

7604 

7612 

7619 

7627 

7 

63 

7634 

7642 

7649 

7657 

7664 

7672 

76  79 

7686 

7694 

7701 

8 

59 

7709 

7716 
7789 

7723 

7731 

7738 

7745 

7  752 

7760 

7767 

7774 

8 

60 

7782 

7796 

7868 

7803 

7810 

7818 

7825 

7832 

7839 

7846 

7 

61 

7853 

7860 

7875 

7882 

7889 

7896 

7903 

7910 

7917 

7 

62 

7924 

7931 

7938 

7945 

7952 

7959 

7966 

7973 

7980 

7987 

6 

63 

7993 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

8048 

8055 

7 

64 

8062 

8069 

8075 

8082 

8089 

8096 

8102 

8109 

8116 

8122 

7 

65 

8129 

8136 

8142 

8149 

8156 

8162 

8169 

8176 

8182 

8189 

6 

66 

8195 

8202 

8209 

8215 

8222 

8228 

8235 

8241 

8248 

8254 

7 

67 

8261 

8267 

8274 

8280 

8287 

8293 

8299 

8306 

8312 

8319 

6 

6R 

8325 

8331 

8338 

8344 

8351 

8357 

8363 

8370 

8376 

8382 

6 

69 

8388 

8395 

8401 

8407 

8414 

8420 

8426 

8432 

8439 

8445 

6 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

TABLE    LIII. 
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TABLE    LIII.  —  LOGARITHMS    OF    NUMBERS.       (CONTINUED.) 


No. 

0    1    2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

70 

8451  8457  8463 

8470 

8476 

8482 

8488 

8494 

8500 

8506 

7 

71 

1 
S513  1  8519;  8525 

8531 

8537 

8543 

8549 

8555 

8561 

8567 

6 

72 

SJ73  8579;  8585 

8591 

8597 

8603 

8609 

8615 

8621 

8627 

6 

73 

8633 

8639 

8645 

8651 

8657 

8663 

8669 

8675 

8681 

8686 

6 

74 

8692 

8698 

8704 

8710 

8716 

8722 

8727 

8733 

8739 

8745 

6 

75 

8751 

875Gi  8762 

8768 

8774 

8779 

8785 

8791 

8797 

8802 

6 

76 

8808 

8814 

8820 

8825 

8831 

8837 

8842 

8848 

8854 

8859 

6 

77 

8865 

8871 

8876 

8882 

8887 

8893 

8899 

8904 

8910 

8915 

6 

78 

S921 

8927 

8932 

8938 

8943 

8949 

8954 

8960 

8965 

8971 

5 

79 

8976 

8982 

8987 

8993 

8998 

9004 

9009 

9015 

9020 

9025 

6 

80 

9031 

9036 

9042 

904  7 

9053 

9058 

9063 

9069 

9074 

9079 

6 

81 

9085 

9090 

9096 

9101 

9106 

9112 

9117 

9122 

9128 

9133 

5 

8?. 

9138 

9143  9149 

9154 

9159 

9165 

9170 

9175 

9180 

9186 

5 

83 

9191 

9196 

9201 

9206 

9212 

9217 

9222 

9227 

9232 

9238 

5 

84 

9243 

9248 

9253 

9258 

9263 

9269 

9274 

9279 

9284 

9289 

5 

85 

9294 

9299 

9304 

9309 

9315 

9320 

9325 

9330 

9335 

9340 

5 

86 

9345 

9350 

9355 

9360 

9365 

93  70 

9375 

9380 

9385 

9390 

5 

87 

9395 

9400 

9405 

9410 

9415 

9420 

9425 

9430 

9435 

9440 

5 

R8 

9145  !  9450 

9455  9460 

9465 

9469 

94  74 

94  79 

9484 

9489 

5 

89 

9494 

9499 

9504 

.9509 

9513 

9518 

9523 

9528 

9533 

9538 

4 

90 

9542 

9547 

9552 

9557 

9562 

9566 

9571 

9576 

9581 
9628 

9586 
9633 

4 

91 

9590 

9595 

9600 

9605 

9609 

9614 

9619 

9624 

5 

99, 

9638 

9643 

9647 

9652 

9657 

9661 

9666 

9671 

9675 

96SO 

5 

93 

9685 

9689 

9694 

9699 

97.03 

9708 

9713 

9717 

9722 

9727 

4 

94 

9731 

9736 

9741 

9745 

9750 

9754 

9759 

9763 

9768 

9773 

4 

95 

9777 

9782 

9786 

9791 

9  795 

9X00 

9H05 

9H09 

9814 

9818 

5 

96 

9823 

9827 

9832 

9836 

9841 

9845 

9850 

9854 

9859 

9863 

5 

97 

9868  9872 

9877 

9881 

9886 

9890 

9894 

9899 

9903 

9908 

4 

98 

'.i'.t\2    9917  9921  9926i  9930| 

9934 

9939 

9943 

9948 

9952 

4 

99 

9956 

9961  9965 

9969 
3 

9974 

9978 

99H3 

99H7 
7 

9991 
8 

9996 
9 

4 

No. 

0 

1 

2 

4 

5 

6 

Diff. 
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SAFE    BUILDING. 

TABLE   LIV. 


SQUARES,    CUBES,    SQUARE    AXD     CUBE    ROOTS     AND     RECIPROCALS 
OF    NUMBERS. 


Ko. 

Square. 

1 

1 

2 

4 

3 

9 

4 

16 

5 

25 

6 

36 

7 

49 

8 

64 

9 

81 

10 

100 

11 

121 

12 

144 

13 

169 

14 

196 

15 

225 

16 

256 

17 

289 

18 

324 

19 

361 

20 

400 

21 

441 

22 

484 

23 

529 

24 

576 

25 

625 

26 

676 

27 

729 

28 

784 

29 

841 

30 

900 

31 

961 

32 

1024 

33 

1089 

34 

1156 

35 

1225 

36 

1296 

37 

1309 

38 

1444 

39 

1521 

40 

1600 

41 

1681 

42 

1764 

43 

3849 

44 

1936 

45 

2025 

46 

2116 

47 

2209 

48 

2304 

49 

2401 

50 

2500 

51 

2601 

52 

2704 

53 

2809 

54 

2916 

55 

3025 

56 

3136 

57 

3J49 

68 

3364 

59 

3481 

60 

3G00 

61 

3721 

62 

3844 

Cube. 

Sq.  Root. 

Cube  Root. 

Reciprocal. 

1 

1, 

1, 

1,000(KMX)00 

8 

1,414214 

1,259921 

,50(X)00000 

27 

1,732051 

1,442250 

,333333333 

(yi 

2, 

1,587401 

,250(XXK)00 

125 

2,236068 

1,709976 

,200000000 

216 

2,449490 

1,817121 

,166666(567 

343 

2,645751 

1,912931 

,1428.57143 

512 

2,828427 

2, 

,125(X)0(X)0 

729 

3, 

2.080084 

,111111111 

lOHO 

3.162278 

2,1.54435 

,10000(X)00 

1331 

3.316625 

2.223980 

,090909091 

171:8 

3.464i02 

2.289429 

,083333333 

2197 

3,605551 

2,351335 

,076923077 

2744 

3.741657 

2,410142 

,071428571 

3375 

3,872983 

2.466212 

,066666667 

4096 

4, 

2.519842 

,062500000 

4913 

4,123106 

2.5712.S2 

,05X823529 

5832 

4,242&11 

2.620741 

.(155.5.  ,5556 

6859 

4.358599 

2.668402 

,05-_'i;;;i579 

8000 

4,472136 

2,714418 

.( i5l  M II  )l  Ji  II 10 

9261 

4.582576 

2.758924 

,047(;i;)O48 

10G48 

4,690416 

2,802039 

,04.54.54.545 

12167 

4.795831 

2.843867 

,ai347>260 

13824 

4,898979 

2.S84499 

,011066667 

15625 

5, 

2.924018 

,040000000 

17576 

5,099019 

2.962496 

,038461538 

19683 

5,196152 

3, 

,037037037 

21952 

5,291503 

3.036589 

,0a5714286 

24389 

5,385165 

3.072317 

,0.344827.59 

27000 

5,477226 

3.107232 

,0.333.33333 

29791 

5,567764 

3.141381 

,0.32258065 

32768 

5,656854 

3,174802 

,031250IX>0 

35937 

5,744563 

3,207534 

.o:;o;io;;(«o 

39304 

5,830952 

3.23!)(;i2 

.ii_".i4n7(;5 

42875 

5,916u80 

3.271066 

.(I2.S571429 

46656 

6, 

3.301927 

,027777778 

50653 

6,082762 

3.332222 

,027027027 

54872 

6,164414 

3.361075 

,026315789 

59319 

6,244998 

3.391211 

,02.5041026 

G4000 

6.324555 

3.419952 

,025O0O{J0O 

68921 

6,4 '3124 

3.448217 

,024300244 

74088 

6.480741 

3.476(J27 

,023.^-09524 

79507 

6,557438 

3.50339S 

,023255-14 

85184 

6,633250 

3.530348 

,022727273 

91125 

6,708.04 

3.556893 

,022222222 

97336 

6,782330 

3.583018 

,02173H1.30 

]''3S23 

6,855655 

3,60SS26 

,0212"6600 

110592 

6,928203 

3.634241 

,020s33333 

117649 

7, 

3.659306 

,020408163 

125001) 

7,071068 

3,684031 

,020000000 

132651 

7,141428 

3,708430 

,019607843 

140608 

7,211103 

3,732511 

,019230769 

148877 

7,280110 

3.750286 

,018-67925 

157461 

7,348469 

3,7797f;3 

,018518519 

166375 

7,416198 

3.802!r>2 

,018181818 

175616 

7,4833 '5 

3.825862 

,017-57143 

185193 

7.549834 

3.84S501 

,017543.><r,0 

195112 

7.615773 

3,870877 

,017211379 

205379 

7,681146 

3.892996 

,016949153 

216000 

7.745967 

3,914868 

,016666667 

226981 

7.810250 

3.93F497 

,016393443 

238328 

7,874008 

3,957891 

,016129032 

TABLE    LIV.       (continued). 
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No. 

Square. 

Cube. 

Sq.  Root. 

Cube  Root. 

Recipkocal. 

63 

•3969 

250047 

7.937254 

3.979057 

,015873016 

(H 

4n96 

262144 

8, 

4, 

,01562.5000 

65 

4225 

274625 

8.062258 

4.020726 

,015.3>4615 

66 

4a56 

287496 

8,124038 

4,041240 

.015151515 

67 

4489 

300763 

8.185353 

4.061548 

.014:)rj373 

68 

46-24 

314432 

8.246211 

4.081655 

.01470588U 

69 

4761 

328509 

8..30(i024 

4.101566 

.OU492T;-U 

70 

4900 

343000 

8.366600 

4.121285 

.0142.S.5714 

71 

5  41 

357911 

8,4261.50 

4,140818 

,014084507 

72 

5184 

373248 

8,485281 

4,160168 

,013.-88889 

73 

53:'9 

389017 

8,.>i4004 

4,179339 

,013698630 

74 

5476 

405224 

8,602325 

4,198.3.36 

,013513514 

75 

5625 

421875 

8.6602.54 

4.21716:5 

,01:5333333 

76 

5776 

438976 

8,717798 

4.2:rj824 

,013157895 

77 

5929 

456533 

8,774964 

4.2r>4:i2i 

,012987013 

78 

6084 

474552 

8,831761 

4.272(r>9 

,012820513 

79 

6241 

493039 

8,888194 

4.290840 

,0126.58228 

») 

WOO 

512000 

8,944272 

4,3088(59 

,012500000 

81 

&561 

531441 

9, 

4.326749 

,012345679 

82 

6724 

551368 

9,055385 

4.344481 

.012195122 

83 

6889 

571787 

9,110434 

4,362071 

,012048193 

81 

7056 

5927(14 

9,165151 

4,379519 

,0U9O17(>3 

85 

7225 

614125 

9,219544 

4.3968:  JO 

,0117(^706 

86 

7396 

636056 

9,273618 

4.414005 

,011627907 

87 

7569 

658503 

9,327379 

4.431018 

,0I14'.I4253 

88 

7744 

681472 

9.380831 

4,447960 

.011.3(si(;36 

89 

7921 

7114969 

9,433981 

4,464745 

.0112359.55 

90 

8100 

729000 

9,486833 

4,481405 

,011111111 

91 

8281 

753571 

9,5.39392 

4,497941 

,0109.89011 

92 

84&i 

778688 

9,591663 

4,.514357 

.()108695(!5 

93 

8649 

804357 

9,613651 

4,530655 

,010751.'688 

94 

8836 

830584 

9,695.360 

4,546836 

,010(«.S29S 

95 

901'5 

&57375 

9,746794 

4.562903 

,01(r)2(»16 

96 

9216 

884736 

9,7979.59 

4,578857 

,oio4i(;(;(;7 

97 

91(19 

912673 

9,848858 

4.594701 

,010.309278 

98 

96114 

941192 

9.891>495 

4.6104.36 

.010204082 

99 

981 '1 

970299 

9,949874 

4,626065 

,010101010 

lou 

lOOOO 

1000(100 

10, 

4.641589 

,01000(M)(» 

101 

loyoi 

I(i3(i301 

10,(M9876 

4.657009 

.009'.MK)990 

102 

10404 

1061208 

10.0<)9.")05 

4,672329 

,0()9.S0:i922 

103 

106(19 

1092727 

10,148892 

4,687.548 

,009708738 

104 

10816 

llL'48(>i 

10,198039 

4,7026()9 

,(Kn)61.53.85 

105 

11025 

11576'.'5 

10,246951 

4,7176'.»4 

,(H)9.523810 

106 

11236 

1191016 

10,2956.30 

4.7.i2(i23 

,oo!U:>:>9(r2 

107 

11449 

1225043 

10,.314080 

4.7474.V.» 

,009;i-t5794 

108 

11664 

1259712 

10,.392.305 

4.7i;2U(i:i 

.(Hi9'.'.'.'.i-_'r,9 

109 

11881 

1295029 

10.440.S06 

4.7768.->6 

.oo;il743l2 

110 

12100 

1:01000 

10.488088 

4.791420 

.(K«Hi:io:»o9 

111 

12321 

1367(»1 

w.r,.i:,a-,:i 

4,805>96 

.(MI90(IIHI09 

112 

12514 

]4(J49.'8 

10.5,s:iO()5 

4.8202-4 

.00.'<;»'J.«571 

113 

12769 

1442897 

10.(;30I45 

4.8:}4.-..ss 

.(M>8S49.558 

114 

12996 

1481.544 

10.677078 

4..848808 

,0087719:tO 

115 

13-'1'5 

1520875 

10.723805 

4.862944 

,(K(H(;;i5(u2 

IIG 

13456 

1560896 

10.770.329 

4,876999 

,(K>8t;'.Mi(;'.iO 

117 

13(»9 

1601613 

10.81 6(»3 

4,890973 

.(K(S.547009 

lis 

]39L'4 

1(H3()32 

10.8627.SO 

4.9048(;8 

.008474.576 

119 

14161 

l(;S:-)!59 

10.!H),S712 

4.9186,8.5 

,oo.>'4o;!:t(;l 

I'^O 

144O0 

1728000 

10,9.54451 

4.9:!2424 

,oo«::!;t.3:t,33 

121 

14<>41 

I7715fil 

11, 

4.946088 

,(HI,82(^14Ck3 

122 

14.S.S1 

1815.>^8 

ll,(M.5.3r.i 

4.9;")9675 

.0081:16721 

123 

15129 

l,S(at.S(;7 

11,09(K5;{6 

4,9731<.H) 

.tMI8l:t(N)8l 

124 

15376 

l!M)0i;24 

ll.i;{.V,28 

4,986631 

.(K(,SOCr4516 

125 

15625 

I9r>.{i2> 

1I,1,S0.{.!9 

5, 

.IMKSIKKKNH) 

126 

15H76 

2<K)0376 

11.224972 

5.01.3298 

.01  t7o:!( '1.508 

127 

16129 

•.'(>»K.f8.3 

11,2(!<M27 

5.02(k'.2t; 

.(HI78740I6 

.28 

KkWi 

•J<»;»7152 

11,31.3708 

5.0.39684 

.(HI78r.'.'>(K) 

129 

16(M1 

2146089 

11,357816 

5,0,52774 

,00775193* 
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Square, 


130 

16900 

131 

17161 

132 

17424 

133 

17689 

134 

17956 

135 

18225 

13C> 

18496 

137 

18769 

138 

19044 

139 

19321 

110 

19600 

141 

19881 

142 

20164 

143 

20149 

144 

20730 

145 

21025 

146 

21316 

147 

21609 

148 

21904 

149 

22201 

150 

22500 

151 

22801 

152 

23104 

153 

23409 

154 

23716 

155 

24025 

15G 

24336 

157 

24649 

158 

24964 

159 

25281 

160 

25600 

161 

25921 

162 

26244 

163 

26569 

164 

26896 

165 

27225 

166 

27556 

167 

27889 

168 

28224 

169 

28561 

170 

28900 

171 

29241 

172 

29584 

173 

29929 

174 

30276 

175 

30625 

176 

30976 

177 

31329 

178 

31684 

179 

32041 

180 

32400 

181 

32761 

182 

33124 

183 

33489 

184 

33856 

im 

34225 

186 

34596 

187 

34969 

188 

35344 

189 

35721 

190 

36100 

191 

36481 

192 

36864 

193 

37249 

194 

37636 

195 

38025 

196 

38416 

Cube. 


2197000 

2248091 
2299968 
2352t;37 
240i;ll>4 
2460373 
2515456 

257i:!r>:5 

2628072 

2685619 

2744000 

2803221 

2803288 

2924207 

2985984 

3048625 

3112136 

3176523 

3241792 

3307949 

3375000 

3442951 

3511808 

3581577 

3652264 

3723875 

3796416 

3869893 

3944312 

4019679 

4096000 

4173281 

4251528 

4.;;:'.0747 

4410944 

4492125 

4574296 

4657463 

4741632 

4826809 

4913000 

50(K>211 

50SS44S 

5177717 

5268024 

5359375 

5451776 

55452:i3 

5ti39752 

5735339 

5832000 

5929741 

60285()8 

6128487 

6229504 

6331625 

6434856 

0539203 

6644672 

67512(19 

t  8)90<X) 

6967871 

7077888 

7189057 

7301384 

7414875 

7529536 


SQ.  ItOOT. 


11,401754 

1 1 ,445523 

11,489125 

11,532562 

1 1 ,575836 

11,618950 

11,661903 

11,704699 

11,747344 

11,789826 

11,832159 

11,874342 

11,916375 

ll,9582c,0 

12, 

12,041594 

12,083046 

12,124355 

12,16.5525 

12,20ti555 

12,247448 

12,288205 

12,328828 

12,369316 

12,409673 

12,449899 

12,489996 

12.529964 

12,569805 

rj,609r,20 

12,649110 

12,688577 

12,727922 

12,767145 

l'J.S06248 

12,845232 

12,884098 

12,922848 

12,961481 

13, 

13,038405 

13,076697 

13,114877 

13,152946 

13,190906 

13,228757 

13,266499 

13,304135 

13,341664 

13,379088 

13,416408 

13,453624 

13,490738 

13,527749 

13,564660 

13,601470 

13,638182 

13,674794 

13,711309 

13,747727 

13,784049 

13,820275 

13,856406 

13,892440 

13,928388 

13,964240 

a, 


Cube  Root.  Reciprocal. 


5,065797 

5,078753 

5,091643 

5,104469 

5,117230 

5,129928 

5,14256.3 

5,1551.37 

5,167649 

5,180101 

5,192494 

5,204828 

5,217103 

5,229321 

5,241482 

5,25.3588 

5,265637 

5,277632 

5,289572 

5,3014.59 

5,313293 

5,325074 

5,336803 

5,348481 

5,360108 

5,371  (;85 

5,38.3231 

5,394690 

5,406120 

5,417,501 

5,428.835 

5,440122 

5,451362 

5,462556 

5,473703 

5,484806 

5,495865 

5,506879 

5,517848 

5,528774 

5,539658 

5,.550499 

5,561298 

5,5720.>5 

5,582770 

5,593445 

5,604079 

5,614672 

5,625226 

5,(335741 

5,646216 

5,656(r)3 

5,667051 

5,677411 

5,6,87734 

5.698019 

5,708267 

5,71.8479 

5,728lw4 

5,738794 

5,748897 

5,758965 

5,76.8998 

5,778997 

5.78.8960 

5,798.890 

5,808786 


,007692308 
,007633588 
,007.^75758 
,007518797 
,007462687 
,007407407 
,0<J7352941 
,007299270 
,007246377 
,007194245 
,0(J7142857 
,007092199 
,0070422.54 
,006993007 
,006944444 
,006896552 
,006849315 
,0068(J272l 
,0(J67567.57 
,006711409 
,006666667 
,006<;22517 
,00(i578947 
,006.535948 
,006*93.506 
,006451613 
,006410256 
,006.36y427 
,006.329114 

,00628;  »;;o8 

,00625(X)00 
,006211180 
,006172840 
,0(36134969 
,006(»7561 
,006(J60()06 
,00(!024096 
,(J05988024 
,005952381 
,0(J5917160 
,005882353 
,0058479.53 
,0058139.53 
,005780347 
,005747126 
,005714286 
,005681818 
,005649718 
,00.5617978 
,005586592 
,0055.55.556 
,005524862 
,005494505 
,00.5464481 
,005434783 
,00.5405405 
,005376344 
,005347594 
,005319149 
,005291005 
,0052(;3158 
,005235602 
,005208333 
,005181347 
,005154639 
,005128205 
,005102041 
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231 


No. 

Square. 

Cube. 

Sq.  Root. 

14,035669 

Cube  Root. 

Reciprocal. 

197 

38809 

764,5373 

5,818648 

,005076142 

198 

39204 

7762392 

14,071247 

5.828477 

,0050."0."05 

199 

39601 

7880599 

14,106736 

5.83S272 

,00,5025126 

200 

40000 

8000000 

14,142136 

5..S4,S().!5 

,(M).")0O(KKK) 

201 

40401 

8120601 

14,177447 

5,8.57766 

,0(«97"il24 

203 

40804 

8242408 

14,212670 

5,867464 

,0()49"()495 

203 

41209 

8365427 

14,247807 

5,877131 

,004926103 

20t 

41616 

8489664 

14,282857 

5.8867i>5 

,004901961 

205 

42025 

8615125 

14,317821 

5.896368 

,(KH87.S049 

20G 

42436 

8741816 

14,3.527W) 

5,905941 

.fMH8.-)4369 

207 

42849 

8869743 

14.387495 

5,915482 

,0(«8.3(»918 

208 

43264 

8998912 

14,422205 

5,924992 

,004807692 

209 

43681 

9129329 

14,4.56832 

5,934472 

,0047846.S9 

210 

441(M> 

9261000 

14,491377 

5,943922 

,004761905 

211 

44521 

9393931 

14,.525839 

5.953342 

,(KU7.i9336 

212 

44944 

952S128 

14,.560220 

5.9627.32 

,(X>471(;9.S1 

213 

45369 

96635U7 

14,594519 

5,9720!):! 

,(M)4(;94,s:!6 

2U 

45796 

9800344 

14,628739 

5,981424 

,004(;72,S!I7 

215 

46225 

9938375 

14,662878 

5,990726 

,004651  Ua 

216 

46656 

10077696 

14,6969.38 

c, 

,oo4(;2:Mk{0 

217 

47089 

10218313 

14,730920 

6,009245 

,0O4(»)S295 

218 

47524 

10360232 

14,764823 

6,018462 

,0045.S71.'i6 

219 

47961 

10503459 

14,798t;49 

6,027650 

,(H)456(i210 

220 

48400 

10648000 

14,832397 

6,036811 

,0045454.55 

221 

48841 

107938(il 

14,866069 

6,045943 

,004524887 

222 

49284 

10941048 

14,8996(U 

6,055049 

,(»04.".04.505 

in 

49729 

11089567 

14,933184 

6.064127 

,0044843(J5 

224 

50176 

11239424 

14,966629 

6,073177 

,0()44(;42S6 

225 

50625 

11390625 

15, 

6,0822(n 

,001141144 

226 

51076 

1154.3176 

15,033296 

6,091199 

,(X)4424779 

227 

51529 

11697083 

15,06(i519 

6,100170 

,0(H4()52.S6 

228 

51984 

118523.52 

15,099668 

6.109115 

,004385065 

229 

52441 

12008989 

15,132746 

6,lI.S0.i2 

,004366812 

230 

52900 

12167000 

15,1&5750 

6,126925 

,004347826 

231 

53301 

12326391 

15,198684 

6,135792 

,oo4:;29004 

232 

53824 

12487168 

15,231.546 

6,1 14^34 

,004,310.345 

233 

54289 

12649337 

15,264337 

6,15.3449 

,(M)429I.S45 

234 

54756 

12812904 

15,297058 

6,162239 

,00427.3.(4 

235 

55225 

12977875 

15,329709 

6,171005 

,(HI42.-m319 

236 

5.5696 

131442.56 

15,362291 

6,179747 

,(J042;!72.S8 

237 

56169 

l.!:il2053 

15,,3<>48(H 

6,188463 

,(J042 19409 

238 

56644 

1.3481272 

15,427248 

6,1971.54 

,004201681 

239 

57121 

l.i651919 

15,459624 

6,20.5821 

,(KI4I,S41(K) 

240 

576(X) 

l.i824(W0 

15,491933 

6.214461 

,(H)4I(;66(;7 

241 

58081 

1.3997521 

15,524174 

6,22;}083 

,(Km  49.378 

242 

585M 

14172488 

15,556349 

0,2.31(178 

,0041. i22.il 

243 

59019 

14.348!(07 

15,5884.57 

6,240251 

,00411.52J6 

244 

59536 

14.52(!784 

15,620499 

6,248800 

,(K)4ll'.I.S.ic,I 

245 

60025 

14706125 

15,652475 

6,257.(24 

,(MH(i,si(;:i3 

246 

60516 

14886936 

15,684:;.S7 

(;,2i;5s'_'6 

,0040(^5041 

247 

61(K»'.) 

1.5069223 

15,716-'.!3 

6.274.3(»4 

,Ol(4()4.S."..S,3 

248 

61.5(H 

1.52.52992 

15,748'il5 

6,2,SJ7(W 

,0040,{2258 

249 

02(X)1 

154.i,S249 

15,779733 

6,291194 

,(Ht401(KI(^ 

250 

62.-)(K) 

15(i2.5(HK) 

15,811388 

0,2991  i04 

,(Ht40(M)(KK) 

251 

6.i(Kll 

1581.!251 

15.842979 

6,307992 

,(lO,i:).s40lH 

2->2 

(ti.-)()4 

1(JKK;(>08 

15,874.507 

6,316X)9 

,O039(J.S2,54 

253 

~  (H(«)9 

16194277 

15,90.5973 

6,324704 

,00.3952.569 

254 

04516 

l(;iS70(H 

15,937377 

6,3.3.302.5 

,(KI39.37(H(8 

255 

6.5025 

1(1581375 

15,968719 

6,.34 1.325 

,003921569 

256 

6.5536 

16777216 

16, 

6,.3496()2 

,003!I0(>2.50 

257 

U*Wi 

16974.593 

16,031219 

6,.T)7.S59 

,(K>,!,S',II05l 

258 

OtrilW 

1717.3512 

16,062.378 

0,36(KJ95 

,00.{87.5!I69 

2.59 

670HI 

17.i7.J979 

1(;,(»93476 

6,374310 

,(K).1861(K»4 

2(K) 

(;7<;<M) 

I757(i<H)0 

16,124515 

6,.3.S2.504 

,(H».i,s461,54 

261 

(W121 

17779.581 

16.1.5.5494 

(;..39l»676 

,(H».3.S3I4I8 

262 

68<>44 

179.S17-'8 

1<;.I8(WI4 

6,.1!I,S.S'J7 

,00.  LSI  67!  4 

2C.'J 

69169 

18191447 

16/217274 

6,4(Hilt.'i,S 

.(Hi:i.S0228l 

232 


SAFE   BUILDING. 


No. 

Square. 

Cube. 

Sq.  Root. 

CuBK  Root. 

Reciprocal. 

264 

69696 

18399744 

16,248076 

6,415068 

,003787879 

265 

70225 

18609625 

16,278820 

6,423157 

,(j03773585 

266 

70756 

18821096 

16,309506 

6,431226 

,003759398 

267 

71289 

19034163 

16,340134 

6,439275 

,003745318 

268 

71824 

19248832 

16,370705 

6,447305 

,003731343 

2C9 

72361 

19465109 

16,401219 

6,455314 

,003717472 

270 

72900 

19683000 

16,431676 

6,463304 

,003703704 

271 

73441 

19902511 

16,462077 

0,471274 

,00369(X)37 

272 

73984 

20123648 

16,492422 

0,479224 

.003676471 

273 

74529 

20346417 

16,522711 

6,487153 

,003663004 

274 

75076 

20570824 

16,552945 

6,495064 

,003649635 

275 

75625 

20796875 

16,583124 

6,502956 

,003636364 

276 

76176 

21024576 

16,613247 

6,510829 

.003623188 

277 

76729 

21253933 

16,643317 

6,518684 

,003610108 

278 

77284 

21484952 

16,673332 

6,526519 

,003597122 

279 

77841 

21717639 

16,703293 

6,534335 

,003584229 

280 

78400 

21952000 

16,733200 

6,542132 

,003571429 

281 

78961 

22188041 

16,763055 

6,549912 

,003558719 

282 

79524 

22425768 

16,792856 

6,557672 

,003546099 

283 

80089 

22665187 

16,822604 

6,565414 

,003533569 

284 

80656 

22906304 

16,852299 

6,573138 

,003521127 

285 

81225 

23149125 

16,K81943 

6,580844 

,003508772 

286 

81796 

23393656 

16,911534 

6,588532 

,003496503 

287 

823C9 

23639903 

16,941074 

6,596202 

,003484321 

288 

82944 

23887872 

16,970562 

6,603854 

,003472222 

289 

83521 

24137569 

17, 

0,611489 

,003460208 

290 

84100 

24389000 

17,029386 

6,6191('6 

,003448276 

291 

84681 

24642171 

17,058722 

6,626705 

,003436426 

292 

85264 

24897088 

17,088007 

6,634287 

,003424658 

293 

85849 

25153757 

17,117243 

6,641852 

,003412969 

294 

86436 

25412184 

17,146428 

6,649401) 

,003401361 

295 

87025 

25672375 

17,175564 

6,656930 

,003389831 

296 

87616 

25934336 

17,204650 

6,661444 

,003378378 

297 

88209 

26198073 

17.233688 

6,671940 

,003367003 

298 

8^804 

2(.;4(;35',)2 

17.262676 

6,679420 

,003355705 

299 

8;  1401 

2(;730.s;i!) 

17.2111616 

6,686883 

,003344482 

300 

9UOO0 

27UOO(X)0 

17,320508 

6,694329 

,003333.333 

301 

90601 

27270901 

17,349352 

6,701759 

,003322259 

302 

91204 

27543608 

17,378147 

6,709173 

,003311258 

303 

91809 

27818127 

17,406895 

6,716570 

,00.3300330 

304 

92416 

28094464 

17,435596 

6,723951 

,003289474 

305 

93025 

28372625 

17,464249 

6,731315 

,003278689 

306 

93636 

•  286ij2616 

17,492856 

6.738664 

,003267974 

307 

94249 

28934443 

17,521415 

6.745997 

,003257329 

308 

948l!4 

29218112 

17,549929 

6,753313 

,003246753 

309 

95481 

29503629 

17,578396 

6,760614 

,003236246 

310 

96100 

29791000 

17,606817 

6.767899 

,003225806 

311 

96721 

30080231 

17,635192 

6,775169 

,00321,5434 

312 

97344 

30371328 

17,663522 

6,782423 

,003205128 

313 

97909 

30664297 

17,6918(16 

6,789061 

,003104888 

314 

98596 

30959144 

17,720045 

6,796884 

,003184713 

315 

99225 

31255875 

17,748239 

6,804(192 

,003174603 

316 

99856 

31554496 

17,776389 

6.811285 

,003164557 

317 

100489 

31855013 

17,804494 

6.818462 

,003154574 

318 

101124 

32157432 

17,832554 

6.825624 

,003144(554 

319 

101761 

32461759 

17,8(50571 

6.832771 

,003134796 

320 

lirJ4(iO 

327680U0 

17,888544 

6,839904 

,00312.5000 

321 

10^041 

33076101 

17,916473 

6,847021 

,00311.5265 

322 

103684 

33386248 

17,944358 

6,854124 

,00310.5590 

323 

104329 

33698267 

17,972201 

6,861212 

,003095075 

324 

104976 

34012224 

18, 

6,868285 

,00308lU2O 

325 

105C25 

34328125 

18,027756 

6,875344 

,003076923 

326 

1()(;27(! 

34(J45976 

18.055470 

6,8823>i9 

,003067485 

327 

1(16029 

34965783 

18.083141 

6,889419 

,003058104 

328 

1(17584 

35287,"'.52 

18.110770 

6,89C434 

,003048780 

329 

1(),S'J41 

3r,(;irj89 

18,138357 

6,90343(i 

,003039514 

330 

108900 

35937000 

18,1659U2 

6,910423 

,003030303 

TABLE    LIV.      (continued.) 
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Ko. 

Sqcake. 

Cube. 

Sq.  Root. 

Cube  Root. 

Reciprocal. 

331 

109561 

30204091 

18,193405 

6,917396 

,00.3021148 

332 

110224 

30594308 

18,220807 

6,924356 

,003012048 

333 

110889 

30920037 

18,248288 

0,931309 

,00;5003003 

331 

111556 

37259704 

18,275607 

6.93S2:52 

,002994012 

335 

112225 

37595375 

18,303005 

6,9451,50 

,(i()2:)sri(i75 

336 

112896 

37933050 

18,33(1302 

6,952053 

,o(|'J!i7oi:h) 

337 

113569 

38272753 

18,3575.')9 

0,958943 

,(I(>'J!I(;7.159 

338 

114244 

38014472 

18,384770 

6,905819 

,(IO-J95,S580 

33D 

114921 

3895S219 

18,411952 

6,972082 

,00'.'949S5:{ 

340 

115600 

39304000 

l^, 439088 

6.979.532 

,(02941170 

341 

116281 

39051 S21 

18,466185 

6,980369 

,002932551 

342 

1169(H 

40001088 

18,493242 

6,993491 

,002923977 

343 

117049 

40.i530O7 

18,520259 

7, 

,00291,5452 

344 

118330 

407(l7."iS4 

18,547237 

7. 006790 

,002900977 

345 

119025 

41(h;:;(,25 

18,574175 

7.013579 

.002898551 

340 

119710 

414'J17:iO 

18,001075 

7.020349 

.002890173 

347 

120409 

41781923 

18,027936 

7,027100 

,0(t2881S44 

348 

121104 

42144192 

18,054758 

7,033^^50 

,0^)2873503 

349 

121801 

42508549 

18,081.541 

7.040.581 

,002805330 

350 

122500  ' 

42875()(K) 

18.708280 

7,047208 

,002857143 

351 

123201 

43243551 

18,734994 

7.054(03 

,00L's-i;p(i();! 

352 

123904 

43014208 

18,701003 

7,0011(96 

,00284(19(19 

353 

124009 

439S(:977 

18,788294 

7,067376 

,(M)28.;'J801 

354 

125310 

44301 SG4 

18,814887 

7,074043 

,002824859 

355 

120025 

4473S875 

18,841443 

7,080098 

,(l0281(;;i(»l 

356 

126736 

4511,^(110 

18,867962 

7.087341 

,00L'8(  18989 

357 

127449 

454;  i;  1293 

18,894443 

7,093970 

,002,S(IH20 

358 

128104 

45Srs27I2 

18,920887 

7,100588 

,(Ki27;»:i-j;io 

359 

128881 

4(;'J0S279 

18.947295 

7,107193 

,002785515 

360 

129000 

40C5(;0(X) 

18,973000 

7,113780 

,002777778 

361 

130321 

47045881 

19, 

7,120307 

,002770083 

362 

131044 

474379-'S 

19,020297 

7,120935 

,002702431 

363 

131769 

47832147 

19,052558 

7,133492 

,0027.54821 

364 

132490 

48228544 

19,078784 

7,140037 

,0027472,53 

3&5 

133225 

48027125 

19,104973 

7,140509 

,(H)2739726 

366 

133950 

49027890 

19,131120 

7,15:!090 

,002732240 

367 

134089 

49430803 

19,157244 

7.159599 

,002724796 

3G8 

135424 

49830032 

19.183320 

7.10(.:095 

,002717391 

369 

130161 

50243409 

19.209372 

7,172.5,SO 

,002710027 

370 

130900 

50G53(X)0 

19,2;j5384 

7,179(1,54 

,(H)27O2703 

371 

137641 

51004811 

19.201.300 

7,18.5510 

,002095418 

372 

138384 

51478848 

19.287301 

7,i9i;)(;o 

,0()2(;88I72 

373 

139129 

51895117 

19,313207 

7,198405 

,uo'j(;8(i;i(i5 

374 

139870 

52313024 

19,339079 

7,204,s:J2 

,0O'J073797 

375 

140025 

52734375 

19,:J04910 

7,211247 

,002000667 

376 

141376 

53157376 

19,. {907 19 

7.217052 

,tK)2059574 

377 

142129 

53582(ki3 

19.410487 

7,224045 

,002052520 

378 

142884 

54010152 

19.442222 

7,230427 

,002045503 

379 

143041 

544399.;9 

19,407922 

7,2.50797 

,(M)20;!8.522 

380 

144400 

54872000 

19,493.588 

7,2431,56 

,(M)2031579 

381 

145161 

553(10341 

19,519221 

7,249.504 

,002024072 

382 

145924 

5574'J'.m;8 

19,544820 

7,2.55841 

,(H»2017801 

383 

146689 

501.sl8,s7 

19,570385 

7.202107 

,IHI201090(! 

384 

147456 

5(i(;'-'31(l4 

19,595917 

7,208482 

,(H)20O4107 

385 

148225 

57000025 

19.(;21416 

7,274780 

,(M»2.597403 

386 

148996 

57512450 

19,040882 

7,281079 

,(K»2590074 

387 

149769 

579(aj(^»3 

19.072315 

7,287302 

,00258.3979 

388 

150544 

58411072 

19,C97715 

7,29.3033 

,IK)2577,»20 

389 

151321 

58803.S09 

I9.72.'i082 

7,299893 

,(K(2570094 

3'M) 

152100 

.59319000 

19,748417 

7, .3001 43 

,(H)2.5(:4103 

391 

152881 

.59770471 

19,77.(719 

7.312383 

,(K)2.5.57.545 

392 

153604 

60'J302.SH 

19,798990 

7,318011 

,002.551020 

393 

151449 

«)098457 

19.«24228 

7,;i24829 

,(HI2544.5'.'J( 

394 

155236 

61102984 

19.8494.33 

7,.i.!10.i7 

,002538071 

395 

150025 

6I029H75 

l!I.K74(;07 

7.;i.i72,t4 

,(K  12.531  ('46 

396 

I5(;sl6 

O'.'0!)!ll30 

19.WI9749 

7..W3420 

,002.52.52.53 

397 

157609 

62570773 

19,924859 

7,349597 

,002518892 

234 


SAFE    BUILDING. 


No. 

Square. 

398 

158404 

399 

159201 

400 

laXMJO 

401 

160801 

402 

161604 

403 

162409 

404 

103216 

405 

164025 

406 

164836 

407 

165649 

408 

166464 

409 

167281 

410 

168100 

411 

168921 

412 

169744 

413 

170509 

414 

171396 

415 

172225 

410 

173056 

417 

173889 

418 

174724 

419 

175561 

420 

176400 

421 

177241 

422 

178084 

423 

178929 

424 

179776 

425 

180625 

426 

181476 

427 

182329 

428 

183184 

429 

184041 

430 

184900 

431 

185761 

432 

186624 

433 

187489 

434 

188356 

435 

189225 

436 

19(H)96 

437 

190969 

438 

191844 

439 

192721 

440 

1936(X) 

441 

194481 

442 

195364 

443 

196249 

444 

197136 

445 

198025 

440 

198916 

447 

199809 

448 

200704 

449 

201601 

450 

202500 

451 

203401 

452 

204304 

453 

205209 

454 

206106 

455 

207025 

456 

207936 

457 

208849 

458 

209764 

459 

210681 

460 

211600 

461 

212521 

462 

213444 

463 

214369 

464 

215296 

Cube.     S 

Q.  Root. 

63044792 

19.949937 

63521199 

19,974984 

04000000 

20, 

64481201 

20,024984 

649154808 

20.049938 

05450827 

20,0748(;0 

659392(i4 

20,099751 

66430125 

20,124612 

66923416 

20,149442 

67419143 

20,174241 

67917312 

20.199010 

08417929 

20.223748 

68921000 

20,24,8457 

0942(w31 

20,2731,35 

69934528 

20,297783 

70444997 

20,.322401 

70957944 

20,346990 

71473.;75 

20,371549   1 

71991296 

20,396078 

72511713 

20,420578 

73034(«2 

20.445048 

735G0059 

20.409489 

74088000 

20,493901 

74618461 

20,518284 

75151448 

20,542639 

75(!S69(:7 

20,566964 

76225024 

20,591260 

76765025 

20,615528 

77308776 

20,639767 

77854483 

20,663978 

78402752 

20,688161 

7895:i.",S9 

20,712315 

79507000 

20,736441 

80062991 

20,760539 

80621568 

20,784610 

81182737 

20,808652 

8174(w04 

20,832667 

82312875 

20.8J6654 

82881856 

20.880613 

83453453 

20,904545 

84027672 

20,928449 

84604519 

20,952327 

85184(_MHJ 

20,976177 

85766121 

21, 

86350888 

21,023796 

86938307 

21,047.565 

87528384 

21,071.307 

88121125 

21,09.5023 

887Ur)36 

21,118712 

89314623 

21,142374 

89915392 

21,166010 

9051SS49 

21,189620 

91125000 

21 ,213203 

91733851 

21,236760 

92345408 

21,260291 

92959677 

21,283796 

93576664 

21,307275 

9419(>375 

21,330729 

948 188 16 

21,354156 

95443993 

21,3775.58 

96071912 

21,4(X)934 

96702579 

21.424285 

973360(J0 

21,447610 

97972181 

21,470910 

98611128 

21,494185 

99252.S47 

21.517434 

99897344 

21,540659 

Cube  Root.   Reciprocai, 


7.3.55762 

361918 
,3(!80(i3 
;74198 
;S():523 
,381  ^.■J7 
,392.-)42 
,398636 
,404721 
,410795 
,4168.59 
7,422914 
,428959 
,4.34994 
,441019 
,4470,!4 
,453040 
,4.59036 
,465(J22 
,470999 
,476966 
,482924 
,488872 
,494811 
500741 
,506661 
,512571 
,518473 
524365 
530248 
,.536122 
541987 
,547842 
3689 
.559526 
,5653.5.5 
■71174 
.769.S5 
.827.^6 
,588579 
,594363 
,600138 
605905 
,611663 
,617412 
,623152 
,628884 
,634607 
,640321 
,646027 
,651725 
,6.57414 
,66.3094 
,668766 
674430 
,681X185 
,685732 
691371 
697W2 
702624 
(08238 
■13844 
■19442 
r25032 
,730614 
•36187 
■41753 


,002512563 
,002.506266 
,002500000 
,002493766 
,002487562 
,002481390 
,002475248 
,002469136 
,0024&30.54 
,002457002 
,002450980 
,002444988 
,002439024 
,0112433090 
,0024-27184 
,002421308 
,002415459 
,(X)2409t'>39 
,002403846 
,002398082 
,002392344 
,002386635 
,002380952 
,002375297 
,002369668 
,0023(54066 
,002.35.8491 
,002352941 
,002;«7418 
,002341920 
,0(  (2336449 
,(»02331(X)2 
,002.325581 
.0(12320186 
.002314815 
.O02.;O94(39 
.(K)2304147 
.00229.8851 
,0112293.578 
,00228.83,30 
,002283105 
.002277904 
,(HJ2272727 
,002267574 
,0(.)22tj2443 
.002257336 
,0022522.52 
,(XI2247191 
,00'22421.52 
,002237136 
,002232143 
,0(r2227171 
,002222222 
,002217295 
,002212389 
,002207.506 
,002202643 
,002197802 
,00219-2982 
,002188184 
,002183406 
,002178649 
,00217.3913 
,002169197 
,002164502 
,002159827 
,002155172 
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No. 

Square. 

Cube. 

Sq.  Root. 

Cube  Root. 

Recipuocal. 

465 

216225 

100544625 

21.563858 

7.747310 

,0021.50538 

4C6 

217156 

101194696 

21,587033 

7,75-2800 

,0021459-23 

4C7 

218089 

101847503 

21,610182 

7.758402 

,IM)2141;!28 

468 

219024 

]025032;i2 

21.63:«07 

7.7tB93G 

,002I:307.V2 

4GS) 

2199t>l 

103101709 

21,C.5(U07 

7.7<;9402 

,002132196 

470 

220900 

103823000 

21,079483 

7.774980 

,(W212700O 

471 

221841 

104487111 

21,70-2534 

7.780490 

,0()2I-2;;i42 

472 

222784 

105154048 

21,725561 

7,78.5992 

.002118044 

473 

223729 

105823817 

21,748563 

7,791487 

.002114105 

474 

224076 

100496424 

21,771541 

7,790974 

,0021O;»705 

475 

225625 

107171S75 

21,794494 

7,80-24.53 

,00210.-)2(3 

476 

226576 

107&50176 

21,8174-24 

7.8079-25 

.002100840 

477 

227529 

108531333 

21,840.329 

7,813389 

,002096436 

478 

228484 

109215352 

21,8a-«ll 

7,818845 

,O0-209-2a5O 

479 

229441 

109902239 

21,880008 

7,8-24-294 

,00-2087683 

480 

230400 

110592000 

21,<W8902 

7,8-29735 

,00'2083333 

481 

2;J1361 

111284041 

21.931712 

7,S;C)l(i8 

,00^2079002 

482 

232324 

111980168 

21,954498 

7,840594 

,002074689 

483 

233289 

112678,587 

21,977261 

7,84r>013 

,002070393 

481 

2.34256 

1 13379904 

22 

7,8514-24 

,00'2066116 

485 

2X>225 

114084125 

2-Z022715 

7.8568-28 

,002061856 

486 

236196 

114791256 

22,045407 

7.80-22-24 

,002057613 

487 

237169 

115501303 

22,008070 

7.807613 

.0l)2()5:5:i88 

488 

238144 

116214272 

22,090722 

7.872994 

,0l)-2O49180 

489 

239121 

116930169 

22,113344 

7,878:368 

,092044990 

490 

2401(X) 

117649000 

22,135943 

7,8*37:34 

,002040816 

491 

241081 

118:370771 

22,158519 

7,889094 

,002036660 

492 

242061 

119095488 

22,181073 

7,894446 

,00-20;j-25-2O 

493 

243049 

119823157 

22,203603 

7,899791 

,00-2028398 

494 

244036 

120553784 

22,226110 

7,9051-29 

,0020-24^291 

495 

245025 

121287375 

22,24&595 

7.910460 

,002020-202 

496 

24«)16 

122023936 

22,-271057 

7,915784 

,00-20161-29 

497 

247(X)y 

122703473 

22,-293496 

7,921100 

,00201-2072 

498 

248(:M>t 

123^")05992 

22,31.5913 

7,9-2(>408 

,002008032 

499 

249(Mn 

124251499 

22,338:307 

7,931710 

,00-20()4O08 

500 

250000 

12.">(K)()()00 

22,36(J079 

7,937(X)5 

,00-2(X)0000 

501 

251001 

1-25751501 

22,3830-29 

7,94-2-293 

,001996008 

502 

•2.520O4 

126500008 

22,405:356 

7,947573 

,0019920:52 

503 

253009 

12726;i527 

22,427661 

7,95-2847 

,001988072 

501 

•254016 

128024064 

22,449944 

7,9.58114 

.0019.841-27 

505 

255025 

128787025 

22,472-205 

7,9()3374 

,0019811198 

506 

256036 

129554216 

22,494444 

7,968627 

.()(ll;i70-J.S5 

507 

257(W9 

1.30323843 

22,516600 

7,973873 

,0()I!I7'2:>87 

508 

'258004 

131090512 

22,.538855 

7.9791 12 

,(M)i'.i(;8."i(i4 

509 

259081 

131872229 

22,561028 

7,:is4:;44 

,i)()i904(;:'.7 

510 

260100 

132(r)1000 

22,583180 

7,98'jr,70 

.()()i;i('ji784 

511 

261121 

133432*31 

22,605309 

7,994788 

.()i)i;i:i(i;i47 

512 

262144 

1.3421 7728 

22,6-27417 

8. 

.(M)i;i5:!rj5 

513 

26.3109 

1350(J5097 

22,649503 

8,(X)5'205 

,0()i;i49:!is 

514 

264196 

135790744 

22,671.568 

8,010403 

,0II1!)4.55-J5 

515 

265225 

13tr.;ill.S75 

•22,693611 

8,01.5595 

,001941748 

516 

2602-)6 

1373.S,S{W6 

22,71.5tj3.3 

8,0-20779 

,001!Ki7984 

517 

267289 

1381.S.S413 

22,737(«4 

8.0-25957 

,0l»l9:)4-2:5(! 

518 

2(Wi324 

13.S;i918.J2 

22,7.59013 

8,0311-29 

,(M)19:t0502 

519 

2693(il 

]397!KS;{59 

'22,781571 

8.0:5»i293 

.11019-20782 

520 

2704(X) 

]4<J0(IS(«)0 

22,80;ir)08 

8.(M1451 

,00192  i(l77 

521 

271441 

141420761 

'22,8-2.54-24 

8,IH0(»I3 

.(Mll9l9:!8(i 

522 

272484 

142236048 

'22,847319 

8,051748 

,(M»l>tl5709 

52.-1 

27.J.529 

14.3055607 

'22,809193 

8,a5tW86 

.ooi:ii-j<Mii 

524 

274576 

14.3877824 

'22,891046 

8,06-2018 

.ooi!i08:i97 

52ij 

275625 

]44703r25 

'22,91-2878 

8,067143 

,ooi;M»47t^2 

526 

27(M;76 

145.131576 

•22,934ti!)0 

8,07-22(i2 

.(MIIlllllUl 

527 

277729 

14l^i0318.3 

'22,95(H81 

8,077:)74 

,(iois;(7.'>:f;j 

528 

2787H4 

147197952 

'22,978'251 

8.08-24.S0 

,iioisii:<9:t9 

r>£f 

279841 

14.S(»:{5H89 

•2.3, 

8.0S7.579 

,iNil8;iit:r.9 

rM 

2H0'.K»() 

14KK770O0 

•2,3,021 -■29 

8.09-2672 

,tH  11 880792 

531 

281961 

149721291 

23,043437 

8,097759 

,ooi8.8;i-2;i'j 

236 
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No. 

Square. 

Cube. 

Sq.  Root. 

Cube  Root. 

Reciprocal. 

532 

2S3024 

150568768 

23,065125 

8,102839 

,001879699 

533 

284(189 

151419437 

23,086793 

8,107913 

,001876173 

534 

28.-.  156 

152273304 

23,108441) 

8,112980 

,001872659 

535 

286225 

153130375 

23,13(M)(;7 

8,118041 

,0018691.59 

536 

287296 

153990656 

23,151(174 

8,12.3096 

,0018(55672 

537 

288369 

154854153 

23,1732(iO 

8,128145 

,(X)18(i2197 

538 

289444 

155720872 

23,194827 

8,133187 

,001.858736 

539 

29(»521 

15(;590819 

23,21  (;373 

8,138223 

,(J01 8.55288 

540 

291600 

]574(;4000 

23,237900 

8,1432.53 

,001.S518.52 

541 

292681 

158340421 

23,259407 

8,148276 

,001848429 

542 

293764 

159220088 

23.280893 

8,1.53294 

,001.84.5018 

543 

294849 

KiO  103007 

23.302360 

8,158305 

,001.841621 

544 

295936 

160989184 

23,323808 

8,163310 

,001.838235 

545 

297025 

161878625 

23,34.5235 

8,168309 

,001.834862 

54(5 

298116 

162771336 

23,3(56643 

8,173302 

,001.831,502 

547 

299209 

163667323 

23,388031 

8,178289 

,001828154 

548 

300304 

1  (54566592 

23,409400 

8,183269 

,001824818 

549 

301401 

1(;54(!9149 

2,3,430749 

8,188244 

,001821494 

550 

302500 

166375000 

23,452979 

8,19.3213 

,001818182 

651 

3o:;(jOi 

1G7284151 

23,473.389 

8,198175 

,001814882 

552 

304704 

168196608 

23,494(;.S0 

8,203132 

,001811594 

553 

3058(J9 

169112377 

23.5159.52 

8,208082 

,001808318 

554 

306916 

1700314(;4 

23,5:',7205 

8,213027 

,00180,5054 

555 

308025 

170953875 

23,.55,S4:58 

8,217966 

,001801802 

65G 

309136 

171879616 

23,579652 

8,222898 

,001798561 

557 

310249 

172808693 

23,600847 

8,227825 

,001795332 

558 

311364 

173741112 

23,622024 

8,232746 

,001792115 

559 

312481 

174676879 

23,643181 

8,2.37661 

,001788909 

560 

313600 

175616000 

23,6(!4319 

8,242570 

,(5017.85714 

5C1 

314721 

176558481 

23,685438 

8,247474 

,001782531 

502 

315S44 

177504328 

23,706539 

8,252371 

,001779359 

5G3 

3169(;9 

178453547 

22,727(521 

8,257263 

,001776199 

564 

3 181 196 

179406144 

23,748(184 

8,262149 

,0017730.50 

565 

319225 

180362125 

23,769728 

8,267029 

,001769912 

566 

320356 

181321496 

23,7907.54 

8,271903 

,001766784 

567 

321489 

182284263 

23,8117(;i 

8,276772 

,001763668 

568 

322624 

183250432 

23,.S.327.50 

8,281635 

,001760563 

569 

32:i761 

184220009 

23,.S.5;!720 

8,286493 

,001757469 

570 

324900 

185193000 

23,874672 

8,291344 

,001754386 

571 

32i;o41 

186169411 

23,895(;06 

8,296190 

,001751313 

572 

327 184 

187149248 

23,91(i521 

8,301030 

,001748252 

573 

328329 

188132517 

23,937418 

8,305865 

,001745201 

574 

329476 

189119224 

23,958297 

8,310694 

,0017421(50 

575 

330625 

190109375 

23,979157 

8,315517 

,001739130 

576 

331776 

191102976 

24, 

8,320335 

,001736111 

577 

332929 

192100033 

24,020824 

8,325147 

,001733102 

578 

334(IS4 

193100552 

24,041030 

8,3299.54 

,0017.30104 

579 

335241 

194104539 

24,0(52418 

8,334755 

,(K)1727116 

580 

336400 

195112000 

24,0.S31.S9 

8,339551 

,001724138 

681 

337561 

196122941 

24,103941 

8,344341 

.001721170 

582 

3:;s;24 

197137368 

24,124676 

8,349125 

.00171.8213 

683 

3:;9SS9 

198155287 

24,145392 

8, .353904 

,001715266 

584 

341(156 

199176704 

24,166091 

8,35.S678 

,001712.329 

585 

200201625 

24,18(5773 

8,36.3446 

,001709402 

686 

;i4339(i 

2Ol2;'.O056 

24.2074;i(; 

8,368209 

,001706485 

687 

344569 

202262(103 

24.22.S(1.S2 

8,372966 

,001703578 

688 

345744 

20: '.297472 

24,24,S711 

8,377718 

,001700(580 

689 

346921 

2(14;'.364(;9 

24.2i;9322 

8,3824(55 

,001697793 

690 

348100 

205379000 

24,2,S9915 

8.387206 

,001694915 

591 

349281 

2()(;425(_»71 

24,310491 

8,391942 

,(501692047 

592 

350464 

207474688 

24,3310.50 

8,39(i(;73 

,001689189 

693 

351649 

208527857 

24,351591 

8,401.398 

,001686.341 

594 

352836 

209584584 

24,372115 

8,4(56118 

,(501683502 

595 

354025 

210644875 

24,392621 

8,410832 

,0016.80672 

696 

355216 

2117(J8736 

24,413111 

8,41.5.541 

,001677852 

597 

356409 

212776173 

24,4,3.3583 

8,420245 

,001(575042 

598 

357604 

213847192 

24,454038 

8,424944 

,001672241 

TABLE    LIV.       (continued). 
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No. 

Square. 

Cube. 

Sq.  Boot. 

Cube  Root. 

Reciprocal 

599 

358801 

214921799 

24,474476 

8,4296.38 

,001669449 

600 

360000 

2160001X10 

24,494897 

8,434.327 

,(K)166t;007 

601 

361201 

217081801 

24,515301 

8,4.i9(M)9 

,(H)16(;3Sti4 

602 

362404 

218167208 

24.535(»8 

8,443087 

,0016(;iI30 

603 

363C09 

219250227 

24,556058 

8,44,S.1(;0 

,001(^5X375 

604 

364816 

220348864 

24,576411 

8.453027 

,ooi(r)5(;29 

605 

366025 

221445125 

24,596747 

8,4570.S9 

,(K)I(;52X',I3 

606 

367236 

222545016 

24,617067 

8.4(;2.!47 

.001  (;.">(»!  05 

607 

308449 

223618543 

24,637370 

8.466999 

,001647446 

608 

369664 

224755712 

24,657(!.ji; 

8,471647 

,()Ol(^i4737 

609 

370881 

225866529 

24,677925 

8.470289 

,001(.;420.36 

610 

372100 

226981000 

24,698178 

8.480926 

,001639.344 

611 

373321 

228099131 

24,718414 

8,485557 

,ooi(;3(;(i(ii 

612 

374544 

229220928 

24,738(«3 

8,490184 

,001(^:187 

613 

375769 

230346397 

24,758.S.i(; 

8.494S0(! 

.oiii(;:!i,52i 

614 

376996 

231475544 

24,7791  )-'3 

8.499423 

,ooii;2xii64 

615 

378225 

232008375 

24,799193 

8..5040.;4 

,o(ii(;2(;()i6 

616 

379456 

233744896 

24,819.;47 

8.508IM2 

,001623377 

617 

380689 

234885113 

24,s:;;)4S5 

8.513243 

,001620746 

618 

381924 

236029032 

24,859006 

S.517.S40 

,00161X123 

619 

3&3161 

237176059 

24,879711 

8,.-.224:!2 

,001 01. 5509 

620 

384400 

238328000 

24,899799 

8,527019 

,(MI  161 21103 

621 

385(H1 

239483061 

24,919872 

8,53!i;i)l 

,001(ilO.:;06 

622 

386884 

240041848 

24,939928 

8.536178 

,001(;077I7 

623 

388129 

241804367 

24,9599118 

8..")407.">0 

,ooi(io.->i:!6 

624 

389376 

242970624 

24,979992 

8.,54.'>3I7 

,ool(;o25(;4 

625 

390625 

244140625 

25, 

8.549880 

,001600000 

626 

391876 

245134376 

25,019992 

8,554437 

,00 1, 5;  1 7444 

627 

393129 

246491883 

25,039908 

8. 558;  mo 

,001.594896 

628 

394384 

247673152 

25,059928 

8.563538 

,0015923.57 

629 

395641 

248858189 

25,079872 

8.5i;sosi 

,0015.89825 

630 

396900 

250047000 

25,099X01 

8,572(;i9 

,001587302 

631 

398161 

251239591 

25,119713 

8.577l.')2 

,001584786 

632 

399424 

252435968 

2.5,139i;l() 

8,5X1(1X1 

,001582278 

633 

400689 

253636137 

25,159491 

8,5X0205 

,(M)1579779 

634 

401956 

254840104 

25,179357 

8. .590724 

,001.577287 

635 

403225 

25''.047875 

2.5,1992(l(; 

8..")!I5238 

,001574,803 

636 

404496 

257259456 

25.219040 

8..59il748 

,001572327 

(Xil 

405769 

258474853 

25,238859 

8,604252 

,0015(;98.")9 

638 

407044 

259694072 

25,2581  ;(;2 

8.608753 

,()01567.i98 

639 

408321 

2601)17119 

25,278449 

8.613248 

,0015("4945 

640 

409600 

262144000 

25,298221 

8,617739 

,001. 562.500 

641 

410881 

203374721 

25,317978 

8.022225 

,001.560062 

&i2 

412104 

2(i4609288 

25.337719 

8.02i;7O6 

,001.557032 

643 

413449 

205847707 

25,-357445 

x.(;:;ii83 

,001.5.5.5210 

644 

414736 

21)7089984 

25,377155 

.x,{;.;r>iM5 

,001552795 

€45 

416025 

208.330125 

25,396X50 

8.04012.3 

,0015503.S8 

W6 

417316 

209585136 

25,4i(;r,.:o 

X.IU45X5 

,001.547988 

W7 

418609 

270840023 

25,43(;i:i5 

,s. 0-1:1044 

,((01,54.5.595 

&18 

419904 

272097792 

25,45.-,.s44 

sx,r,:U'.>7 

,001.54.3210 

649 

421201 

273359549 

25,475478 

.x.i;r>7'.M(; 

,001.540X32 

650 

422,500 

2746.!5000 

25,49509H 

x.(:o2:;:il 

,001.5.!84(;2 

651 

423801 

275894451 

25,514702 

8,0(;(;x:!i 

,(Kil.5,)(;o:i8 

652 

425104 

277167808 

25,5.34291 

8.071266 

,0O1.5.i.;742 

653 

426409 

278445077 

25,.55.38(S 

8.i;75i;;i7 

,00 153 13;  14 

654 

427710 

279720264 

2.5,57.3424 

8,tW(»i24 

,00 152;  (052 

655 

429025 

281011375 

25,592968 

8,i;xi.-,i(; 

,O01.52(;718 

656 

430336 

2S230O416 

25,(il2497 

8.iixx;M;;i 

,001524.t;M» 

a57 

431M9 

283593393 

25,(i.320ll 

8,69.!.i76 

,001522070 

658 

4329<>t 

2H4890312 

25,6515' 1 

8,697784 

,(K(I51:)7.'.7 

659 

434281 

2H6I9II79 

25,670995 

8,702I,H8 

,001517451 

660 

4;J56(I0 

2.S''49(;(MK) 

2,5,69IH(k5 

8,70(r..HS 

.0015151.52 

(Ail 

436921 

2HK8047S1 

25,709920 

8.7io:i.x.f 

,001512,S.59 

662 

438244 

2iM)  117528 

25,729.!(;i 

8.71."..!7.! 

.(M)1.-.I0.574 

6tW 

439569 

29 '4:54247 

2.5,74.8"S(; 

8,719700 

,001.50X296 

Wrl 

44(J«96 

29275-)944 

2.5,768197 

8,724  Ml 

.OOl.'.0(ai24 

665 

442225 

294079625 

25,787594 

8,728519 

,OOi:)0375'J 
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SAFE    BUILDING. 


No. 

Square. 

666 

443556 

667 

444889 

668 

446224 

669 

447561 

670 

44S900 

G71 

450241 

672 

451584 

673 

452929 

674 

454276 

675 

455625 

676 

456976 

677 

45S329 

678 

459684 

679 

461041 

680 

462400 

681 

463761 

682 

465124 

683 

466489 

684 

4(17856 

685 

4(19225 

686 

470596 

687 

471969 

688 

473344 

689 

471721 

690 

476100 

691 

477481 

692 

478864 

693 

480249 

694 

4S1636 

695 

483025 

696 

484416 

697 

485809 

698 

487204 

699 

488(501 

700 

490000 

701 

491401 

702 

492804 

703 

494209 

704 

495616 

705 

497025 

706 

498436 

707 

499849 

708 

501264 

709 

502681 

710 

504100 

711 

505521 

712 

506944 

713 

508369 

714 

509796 

715 

511225 

716 

512656 

717 

514089 

718 

515524 

719 

516961 

720 

518400 

721 

519841 

722 

521284 

723 

522729 

724 

524176 

725 

525625 

726 

527076 

727 

528529 

728 

529984 

729 

531441 

730 

532900 

731 

534361 

732 

535824 

Cube. 


295408296 
29(;74(  19(13 
298(l77(i.'.2 
299418:!(i9 
3007(i3000 
3112111711 
3034644-18 
304821217 
3(J01 82024 
307540875 
308915776 
310288733 
311605752 
31304(;839 
314432(100 
315821241 
317214508 
31X611987 
320013504 
321419125 
32282S856 
324242703 
3250(!0072 
327082709 
328509000 
329939371 
331373888 
332812557 
334255384 
335702375 
3371 53530 
33S('>08873 
3400(;8:'.92 
341532099 
3430000(t(» 
344472101 
345948088 
347428927 
348913004 
350402025 
351895816 
353393243 
354894912 
356400.S29 
357911000 
359425431 
360944128 
362467097 
3639"4344 
365525875 
36''061096 
368601813 
370140232 
371094959 
373'M8'>00 
3''4805301 
3''6307048 
3'^7933007 
3-79503424 
381078125 
382657176 
38+240583 
385828352 
38'7420489 
38901 7000 
390617891 
392223168 


Sq.  Root. 

Cube  Root. 

Reciprocal. 

25,800976 

8,7.32892 

,001.501502 

25.,S20343 

8.7:57200 

,0014992.50 

25. S4 5096 

8,741025 

,0111497006 

25.  S(  15034 

8,7459.S5 

,(Mll4947('8 

25,884358 

8,7.5(»:!4() 

.001492537 

25,903608 

8,754091 

,001490313 

25,922962 

8,759038 

,001488095 

25,942243 

8,70.'!3,SO 

,001485884 

25,901510 

8,707719 

,00148.3680 

25,980762 

8,7720.5.3 

,001481481 

26, 

8,77015.S2 

,001479290 

26,019223 

8!7807OS 

,001477105 

26,0384.33 

8,78.5029 

,001474926 

20,057028 

8,7.S;i:!40 

,0014727.54 

20,O708(J9 

8,79:;o.59 

,001470.588 

26,095976 

8,797907 

,00146,8429 

26,115129 

8,802272 

,00140(5276 

26,1342(58 

8,800572 

,01)14(54129 

26,153393 

8,81(I.S08 

,001401988 

20,172504 

8,815159 

,0014598.54 

2(5,191601 

8,819447 

,001457726 

20.210084 

8,8237:'.0 

,01)14.55004 

20.229754 

8,82.8009 

,001453488 

20.248809 

8,8322.85 

,001451379 

20,207851 

8,830556 

,001449275 

20,280878 

8.840822 

,001447178 

26,305892 

8,84.5085 

,001445(J87 

20,324893 

8,849344 

,00144:3001 

26,343879 

8,8.53598 

,001440922 

26,362852 

8,857849 

,0014:38849 

2(5,381811 

8.8(52095 

,001436782 

2(5.400757 

8,8003:57 

,001434720 

20.419089 

8.870.575 

,001432665 

20,4:iS6(JS 

8,874,899 

,0014:30615 

20,457513 

8,879040 

,001428.571 

20,47(54(M 

8,8832(56 

,001426534 

20,495282 

8,8.874.88 

,001424501 

20,514147 

8,891706 

,001422475 

20.532998 

8,895920 

,0014204.55 

20,551836 

8,900130 

,001418440 

26,5700(50 

8,904336 

,0(jl410431 

20,589471 

8,908.538 

,001414427 

20,(5082(59 

8,9127:J6 

,001412429 

2(5,0270.53 

8,916931 

,001410437 

20,045.825 

8,921121 

,001408451 

20,(5(54583 

8,92.5307 

,001406470 

20,083328 

8,929490 

,001404494 

2(5,7020.59 

8,9:5:5(508 

,001402525 

20,720778 

8,937843 

,001400560 

20,739483 

8,942014 

,001398(501 

26,7.58176 

8,946180 

,001.390(548 

2(5,77(58.55 

8,950.343 

,001394700 

20,79.5522 

8,954.502 

,01)1.392758 

26,81 4i75 

8,9.5.S058 

,001390821 

2(5,,S:52815 

8,902809 

,(_)Oi:3.8S889 

20,.S;>i443 

8,96(5957 

,001386963 

26,8'"0057 

8,9711(t0 

,001385042 

2(5,8886.59 

8,975240 

,001383126 

26,907248 

8,979376 

,001381215 

26,925824 

8,98:5508 

,001379310 

20,944387 

8,987(5:57 

,001377410 

20,902937 

8,991702 

,001375516 

20,981475 

8,9958.83 

,001373626 

27, 

9,1119:33 

,001371742 

27,018512 

9,004113 

,0013698(53 

27,037012 

9.00822:5 

,0013(57989 

27,055498 

9,012329 

,001366120 

TABLE     LIV.       (continued.) 
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Xo. 

Square. 

Cube. 

Sq.  Root. 

Cube  Koot. 

ReCII'ROCAL. 

733 

537289 

393832837 

27,073973 

9,016431 

,001364256 

734 

538756 

395446904 

27.092434 

9,020529 

,001362398 

735 

540225 

397005375 

27,110883 

9,024624 

,(K)  1360544 

736 

541696 

398688256 

27,129320 

9,028715 

,001358696 

737 

543169 

40031 5553 

27.147744 

9.032802 

,(K)l,i56,S,52 

738 

544644 

401947272 

27.166155 

9,036886 

,001355014 

739 

546121 

403583419 

27.184554 

9.040965 

,00 13531, SO 

740 

547600 

4052240(10 

27.202941 

9.045042 

,001351351 

741 

540081 

406869021 

27.221315 

9,049114 

,(X)  1349528 

742 

550564 

408518488 

27,2;;9677 

9,053183 

,001347709 

743 

552049 

410172407 

27,258026 

9.057248 

,(«I1345895 

744 

553536 

411830784 

27,276.363 

9,061310 

,(K)1344086 

745 

555025 

413493C)2-> 

27,294688 

9,065368 

,001342282 

746 

556516 

415160936 

27,3I3(H)1 

9,0611422 

,001,140483 

747 

558(K)9 

416832723 

27,331301 

9.073473 

,((01338688 

748 

559504 

41S50S992 

27,349589 

9.077520 

,001,33(j898 

749 

561001 

420189749 

27.367864 

9.08I5(;3 

,001335113 

750 

562500 

421875000 

27,386128 

9.085(i03 

,001333333 

751 

564001 

423564751 

27,404379 

9,089630 

,(M)1331558 

752 

565504 

425259008 

27,422618 

9.093672 

,001329787 

753 

567009 

426957777 

27,440845 

9,0!)770l 

,00132,8021 

754 

568516 

428661064 

27,459060 

9,101726 

,001326260 

755 

570025 

430368875 

27.477263 

0.105748 

,001324503 

756 

571536 

432081216 

27,495454 

0.10!I767 

,0(ll:i22751 

757 

573049 

433798093 

27,5136.33 

0.11.'.782 

,001321(K)4 

758 

574564 

435519512 

27,5318110 

0.117703 

,001319261 

759 

576081 

437245479 

27,549955 

0,121801 

,001317523 

760 

577600 

438976000 

27,568097 

0,125805 

,(joi:',i57,S9 

761 

579121 

440711081 

27,586228 

0,120.806 

,001314060 

762 

580644 

442450728 

27.604347 

9,133803 

,001312;i36 

763 

582169 

444194947 

27,622455 

9,137707 

,001310616 

764 

583696 

445943744 

27.640550 

9,141787 

,001308901 

765 

585225 

447697125 

27,6586.33 

9,145774 

,(K)1307190 

766 

586756 

449455096 

27.6767(»5 

9,149758 

,001305483 

767 

588289 

45121 76(« 

27,(i94765 

9,153737 

,001303781 

768 

589S24 

452984832 

27.712813 

9,1.57714 

,(X)1302083 

769 

591361 

454756609 

27.7:!0849 

9,161687 

,(J0 1.300390 

770 

592900 

456533000 

27,748874 

9.165656 

,001298701 

771 

594441 

458:314011 

27,766887 

9.160022 

.  ,001207017 

772 

595984 

4(W099648 

27,784888 

0,173585 

,001205337 

773 

597529 

461889917 

27,802877 

9.177544 

,(M)  1293661 

774 

599076 

463684824 

27.820855 

9,1815(M) 

,001291990 

775 

600625 

465484375 

27.838822 

9,18;54.53 

,001290323 

776 

602176 

467288576 

27.856777 

9.180402 

,(J0 1288660 

777 

603729 

469097433 

27.874720 

9.193347 

,001287001 

778 

6(J5284 

470910952 

27,8;»2(;5l 

9,197290 

,00128.5347 

779 

606841 

472729139 

27,910571 

9,201229 

,(M)1283(i97 

780 

608400 

47455  20(M) 

27,92,8480 

9,205164 

,0012.82051 

781 

609961 

47«Ni79541 

27.94C>.377 

9,209096 

,(K)1 2.80410 

782 

611524 

478211768 

27.964263 

9,21.3025 

,(M(127.S772 

783 

613089 

48(Mt48687 

27,982137 

9,2169.50 

,(N)1277139 

781 

614656 

481H903(H 

28, 

9,220872 

,001275510 

785 

616225 

483736025 

28,017851 

9,224791 

,00127.388,5 

786 

617796 

48.5587656 

28,035691 

9,228706 

,O012722(r> 

787 

619369 

487443403 

28,05.3.520 

9,232618 

,(H)1 270648 

788 

620944 

489303872 

28,071337 

9,237.527 

,001269036 

789 

622521 

491169069 

28,089143 

9,2404,3,3 

,(M)  12(17427 

790 

624100 

49.3039000 

28,106938 

9,2443.3,5 

,0012(h5823 

791 

625081 

494913671 

28,124722 

9,2482:J4 

,001264223 

792 

627264 

49(;793088 

28,142494 

9,2521.30 

,(K)12(i2626 

793 

628849 

498677257 

28,160255 

9,25C)(t22 

,(H>I  2610.34 

794 

6.30436 

.5IM)566184 

28,178005 

9,2.59911 

,(MM  250416 

795 

6.32025 

.502459875 

28,195744 

9,2thl797 

,001257862 

796 

63.3616 

.50435«3:i6 

28,213472 

9,267679 

,001256281 

797 

635209 

.506261573 

28,231188 

9,271.5.59 

,001254705 

798 

(v«(W04 

508169.592 

28,248893 

9,2754;J5 

,0012531.13 

799 

6;fM401 

5 10082399 

28.260588 

0.279308 

,001251504 
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SAFE   BUILDING. 


No. 

Square. 

800 

640000 

801 

641601 

802 

643204 

803 

644809 

804 

646416 

805 

648025 

806 

649636 

807 

651249 

80S 

652864 

809 

654481 

810 

656100 

811 

657721 

812 

659344 

813 

660969 

814 

662596 

815 

664225 

816 

665856 

817 

667489 

818 

6G9124 

819 

6707G1 

820 

672400 

821 

674041, 

822 

675684' 

823 

677329 

824 

678976 

825 

680625 

826 

682276 

827 

683929 

828 

685584 

829 

687241 

830 

688900 

831 

690501 

832 

692224 

833 

693889 

834 

695556 

835 

697225 

836 

698896 

837 

700569 

838 

702244 

839 

703921 

840 

705600 

841 

707281 

842 

708964 

843 

710649 

844 

712336 

845 

714025 

846 

715716 

847 

717409 

848 

719104 

849 

720801 

850 

722500 

851 

724201 

852 

725904 

853 

727609 

854 

729316 

855 

731025 

856 

732736 

857 

734449 

858 

736164 

859 

737881 

860 

739000 

861 

741321 

862 

743044 

863 

7447G9 

864 

746496 

865 

748225 

866 

749956 

Cube. 


512000000 
513922401 
515849608 
517781627 
519718464 
521660125 
523600616 
525557943 
527514112 
529475129 
531441000 
533411731 
5353S7328 
537366797 
539353144 
541343375 
54333S496 
545338513 
547343432 
549353259 
5513<;8(KM) 
5533S7G61 
555412248 
557441767 
55947(;224 
561515625 
563559976 
565609283 
567663552 
569722789 
571787000 
573856191 
575930368 
578009537 
580093704 
582182875 
584277056 
586376253 
588480472 
590589719 
592704000 
594823321 
596947688 
599077107 
601211584 
603351125 
605495736 
607W5423 
609800192 
611960049 
614125000 
616295051 
618470208 
620G50477 
622835864 
62502G375 
627222016 
629422793 
631628712 
633839779 
6;36O5G0OO 
638277381 
640503928 
G42735G47 
644972544 
647214625 
649461896 


Sq.  Root. 

28,284271 

28,301943 

28.31061  »4 

28,337254 

28,3.54893 

28,372.521 

28,.390139 

28,407745 

28,425340 

28,442925 

28,460498 

28,478061 

28,495613 

28.5131.54 

28,.5.30685 

28.548204 

28.565713 

28,58.3211 

28,600699 

28,618176 

28,6.35642 

28.().53097 

28,670.542 

28,087976 

28,70.54(X) 

28,722813 

28,740215 

28,757007 

28,771989 

28,792360 

28.809720 

28,827070 

28,844410 

28,801739 

28,879058 

28,896366 

28,913064 

28.9.30952 

28.948229 

28,965496 

28,982753 

29, 

29,017236 

29,034462 

29.051678 

29,068884 

29,0.S6079 

29,103264 

29,120440 

29,137()05 

29,1.547.59 

29,171904 

29,189039 

29,206164 

29,223278 

29,240383 

29,2.57478 

29.274562 

29,291637 

29,308702 

29,325757 

29.342801 

29,359836 

29.376862 

29,393877 

29,410882 

29,427878 


Cube  Root.  Reciprocal, 


9,283177 
9,287041 
9,290907 
9,294767 
9.298623 
9,302477 
9,306327 
9,310175 
9.314019 
9,3178.59 
9,321 G97 
9,325.532 
9,329363 
9,333191 
9,337016 
9,340838 
9,344{i57 
9,348473 
9,352285 
9,35(i095 
9,359901 
9,363704 
9,367505 
9,371302 
9.375096 
9.378887 
9,382675 
9.386460 
9,390241 
9,394020 
9,397796 
9,401.509 
9,405338 
9,409105 
9,412869 
9,4166.30 
9.420387 
9.424141 
9,427893 
9.431(W2 
9.435380 
9.439131 
9.442870 
9.44(;(;07 
9.4."i0341 
9,4.-.4072 
9,457800 
9,461.525 
9,4(!.">247 
9.46.Si)66 
9.472682 
9.476396 
9,480106 
9,483814 
9,487518 
9,491220 
9,494919 
9,498615 
9. .502308 
9,505998 
9,509685 
9,513370 
9,517051 
9,520730 
9.524406 
9,528079 
9,531750 


,0012.50000 
,001248439 
,001246883 
,001245330 
,001243781 
,001242236 
,001240695 
,0012391.57 
,0012.37624 
,0012.5{i094 
,0012.34568 
,001233046 
,001231527 
,001230012 
,001228.501 
,001220994 
.001225490 
,001223990 
,001222494 
,001221001 
,001219512 
,001218027 
,001216545 
,00121.5067 
,00121.3.592 
,001212121 
,001210654 
,001209190 
,001207729 
,001206273 
,001204819 
,00120.3369 
,001201923 
,001200480 
,001199041 
,001197605 
,001196173 
,001194743 
,001193317 
,001191895 
,001190476 
,001189061 
,001187(;48 
,00n8(!240 
,001184834 
,0011834.32 
,001182033 
,001180638 
,001179245 
,0011778.56 
,001176471 
,001175088 
,001173709 
,001172333 
,001170960 
,001169.591 
,001168224 
,001166861 
,001165501 
,001164144 
,001162791 
,001161440 
,001160093 
.001158749 
.001157407 
,001156069 
,001154734 
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No. 

Square. 

CCBE. 

SQ.  itOOT. 

Cube  Root. 

RECU'ROCAL. 

867 

751 G89 

651714363 

29,444864 

9,535417 

,0011.5.3403 

8C8 

753424 

653972032 

29,401840 

9,.539082 

,(M)ll.-.2074 

809 

75-)161 

616234909 

29.478806 

9,542744 

,0011.50748 

870 

756900 

65S503(XW 

29,495762 

9..54(i403 

,(K)1 149425 

871 

758641 

6a)77(;3I  1 

29.512709 

9,550059 

,001148106 

872 

760384 

6630.->484S 

29,529646 

9,.5.53712 

,001146789 

873 

762129 

005338617 

29..546573 

9,557303 

,00114,5475 

874 

763876 

607027624 

29.5(»49l 

9,.">01011 

,00114416.5 

875 

765625 

609921875 

29.580399 

9..")(;4(r)6 

,001142.857 

876 

767376 

672221376 

29..">97297 

9.5(WJ98 

,001141,5,53 

877 

769129 

674526133 

29.014186 

9..-.7l'.).J8 

,001140251 

878 

770884 

676836152 

29.6.'>10(;5 

9,57.-.574 

,0011.389.52 

870 

772641 

679151-439 

29,047934 

9. 57;  1208 

,001 137(B6 

880 

774400 

681472000 

29,004794 

9..-|S2,S40 

,0()ll:!0304 

881 

776161 

6S37i)7.S41 

29,081644 

9.5,S04(;S 

,OOIl:!,'-,074 

882 

777924 

6801281)08 

29  698485 

9.590094 

.0011.3.37.^7 

883 

779689 

6SS405:i87 

29,715316 

9.59.3717 

,(101132503 

884 

781456 

090S()71()4 

29.732137 

9..->973.37 

.0011:11222 

885 

783225 

693154125 

29,748950 

9.i;tKI9.-j5 

.001129944 

886 

784996 

695500450 

29,765752 

9.(!()4.-.70 

,OOI12,S008 

887 

786769 

697804103 

29,782.545 

9.(i0Sl,S2 

,ooirJ7:s96 

888 

788544 

700227072 

29,799329 

9,011791 

,(>()n20126 

889 

790321 

7025iir);;i;9 

29.S101()3 

9. 01.-.: '.SIS 

,()0ll24.S,-)9 

890 

792100 

704'J(;i"K)0 

-J'j.s:]-2sr,s 

9.01;i()02 

,ooll2:i.->96 

891 

793881 

70734  7;  t71 

2;i..s4;i(;23 

9.(i22003 

,001 122:1:54 

892 

795664 

7097322SS 

2',).s(;o3(.;9 

9.020202 

.001121076 

893 

797449 

712121lir.7 

2;).ss:ii()0 

9.02;i797 

.001119821 

81>4 

799236 

714."ilO;iS4 

2;).S'.I98.'J3 

9.o:i:;:;i)l 

.(»olll,S.'-)(>8 

895 

801025 

710917375 

2!).!)10551 

9,o:;i;',isi 

.001117318 

896 

802816 

719323130 

2;).9332.".9 

9.(;Hi.-.09 

.001110071 

897 

804609 

721734273 

29.9499.'i8 

9.044 1.-.4 

.001114782 

898 

806404 

72415'l7!i2 

29,900(j48 

9.i;477::(i 

.ooii!:r>86 

899 

808201 

720")72(;',)9 

29,983328 

9.o-,i:;io 

,0(iiii2:U7 

900 

810000 

729000000 

30, 

9.ir.4.S!)3 

.001111111 

901 

811804 

731432701 

30,016662 

9,05.S40S 

,()0II09,S78 

902 

813604 

733870S(»8 

30.0:3.3314 

9.002040 

,(K)110,S047 

903 

815409 

73(5314327 

30.0499.')8 

9.0(;5i;()9 

,001107420 

904 

817216 

738703204 

3o,o(;(r.92 

9.00;il7(! 

.001100105 

905 

81iM)25 

741217025 

30.0,83217 

!l. 07274(1 

.001104972 

906 

820836 

743077410 

30.099,s;i3 

9.070:',()1 

,0011037.53 

907 

822649 

740142(^43 

30.110440 

9.07',)S00 

,0011025.36 

9(J8 

8244(>4 

748013312 

.3().i;i;!0.38 

9.os:;4io 

.001101.322 

909 

826281 

751089429 

3().149()26 

9.osi;:i7() 

.(H)I10()110 

910 

828100 

753571000 

3(),li;0206 

9.(;:"i.-i21 

.(K)1()9,S90I 

911 

829921 

750)58031 

.30,1,S2776 

9.  i;;  (4(109 

.001097095 

912 

831744 

758550528 

3().I!)9.'i37 

9.0;i70I5 

.(l(;IO9049l 

913 

83.3569 

761048497 

3().21.-),S,S9 

9.701  l.-.,S 

,(K  (1(195290 

914 

835396 

763551944 

30,2.!24.32 

9. 70-1 098 

,(M)I  (19-4092 

915 

837225 

766000875 

3().24,S9(!6 

9.7()S'j:;(; 

.OOl(l9-'896 

916 

839056 

708.'>752;i0 

.30,205491 

9.711772 

,(K)109i703 

917 

840889 

771o:)r.2l3 

3().2,S2IM)7 

9.71.-.:  105 

,(K)10!)0513 

918 

842724 

77;;( ;_'()( ;.;2 

3(>.29,><514 

9.71,s.s:i5 

.(Kll0.S9.325 

919 

844561 

770151.-..-.:) 

.30.315012 

9.722:i0:i 

.0(llO,S,SI.39 

920 

846400 

77,SOS.'^()()() 

30.;J31.501 

9.725S,SH 

,O()l0,S09.57 

921 

848241 

78i2.':i;ioi 

30..S47981 

9,729410 

.()olo,s.">776 

922 

850084 

783777448 

.•i0,.fO44.52 

9,7;>29:(o 

,(l()l(i,S4.599 

923 

851929 

786.3.30407 

30,380915 

9.7:i044.S 

.OOlO,S.!42,3 

924 

&53770 

7888,89024 

:i().397368 

9.7:1990:5 

.(KI10,><2251 

925 

»)5625 

791453125 

30.41.3812 

9.7-1:1475 

.(K)10SI081 

926 

857476 

7!(4022776 

30.4.30248 

9.7409.S.-. 

.(HI1079914 

927 

&59329 

796;'>9798.J 

8O,440(i74 

9.75049:1 

.(KI107.S749 

928 

861184 

799178752 

30,4(v3092 

9.7.-.:i99.s 

.(HII077.5S6 

929 

86:3041 

80170.50W) 

.30,479.501 

9.757.-.00 

.001070426 

9:iO 

SM'MH) 

8(M.i.5700O 

30,49.5901 

9,70I(KH) 

.(K)l07.'>269 

031 

8(i6761 

80<;!l.'>44!(l 

;«(.5 12292 

9.704497 

.(K)lo74l!4 

932 

8(M624 

8<»!t.">575r;« 

.•«I..52S075 

9.707992 

,001072961 

933 

870489 

8121(J0237 

»),."r45048 

9,771484 

,001071811 
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SAFE   BUILDING. 


No. 

Square. 

Cube. 

Sq.  Root. 

Cube  Root. 

Reciprocal. 

934 

872356 

814780504 

30,561413 

9,774974 

,001070664 

935 

874225 

817400375 

30,577709 

9,778461 

,001009519 

936 

876096 

820025856 

30,594117 

9.782946 

,001008376 

937 

877969 

822056953 

30,010455 

9,78.5428 

,001007236 

938 

879844 

825293672 

30,620785 

9,788908 

,(M)100(5098 

939 

881721 

827936019 

30,043106 

9.792386 

,001004963 

940 

883600 

830584000 

30,659419 

9,795801 

,(Xtl063830 

941 

885481 

833237621 

30,675723 

9,790.333 

,001062099 

942 

887364 

835S96888 

30,092018 

9.802803 

,001001571 

943 

889249 

838561807 

30,708305 

9,800271 

,001060445 

944 

891136 

841232384 

30,724583 

9,8(J9736 

,(K)  1059322 

945 

893025 

843908625 

30,740852 

9.813198 

,(J0105820I 

946 

894916 

84(;590536 

30,757113 

9.8166.59 

,001057082 

.  947 

896809 

849278123 

30,773365 

9,820117 

,fW1055966 

948 

898704 

8.51971392 

30,789608 

9,823572 

,(»1054852 

949 

900601 

854670349 

30,805843 

9,827025 

,(»01053741 

950 

902500 

857375000 

30,822070 

9,830475 

,(K)1052G32 

951 

904401 

860085351 

30,838288 

9,833924 

,001051525 

952 

906304 

8(32801408 

30,854497 

9,837369 

,001050420 

953 

908209 

8(!5523177 

30,870698 

9,840813 

,001049318 

954 

910116 

8082506()4 

30,880890 

9.844254 

,001048218 

955 

912025 

87lt!tS3875 

30,903074 

9,847692 

,001047120 

956 

913936 

873722816 

30,919248 

9,.s5n28 

,001046025 

957 

915849 

876167493 

30,935417 

9.8.".45(32 

,001044932 

958 

917764 

879217912 

30,951575 

9.857993 

,(X)1 043841 

959 

919681 

881974079 

30,967725 

9.861422 

,001042753 

960 

921600 

884736000 

30,983867 

9,8(;4.S48 

,001041667 

961 

923521 

887503681 

31, 

9.808272 

,001040583 

962 

925444 

890277128 

31,016125 

9,.871(;94 

,0010395(^1 

963 

927369 

893056347 

31,032241 

9.875113 

,001038422 

964 

929296 

895841344 

31,(J48349 

9.87.8.530 

,001037344 

965 

931225 

898632125 

31.004449 

9.881945 

,001036269 

966 

933156 

901428696 

31,08(040 

9.88.');557 

,001035197 

967 

935089 

904231063 

31 ,090024 

9.888767 

,001034126 

968 

937024 

907fJ39232 

31,112698 

9.81)2175 

,001033058 

969 

938961 

909&53209 

31,128765 

9.89.">580 

,001031992 

970 

940900 

912673000 

31,144823 

9..S98983 

,(I0103(J928 

971 

942841 

915498611 

31,160873 

9.902383 

,0010298(56 

972 

944784 

918330048 

31,170914 

!». 9(15782 

,(101028807 

973 

946729 

92n(;7317 

31,192948 

9.9(19178 

,001027749 

974 

948676 

924010424 

31,208973 

9.912.-.71 

,001026694 

975 

950625 

92(5859375 

31,224990 

9.915902 

,001025041 

976 

952576 

929714176 

31,240999 

9,919351 

,001024.590 

977 

954529 

932574833 

31,256999 

9.9227.38 

,001023.541 

978 

95(>i84 

935441352 

31,272991 

9.920122 

,001022495 

979 

958441 

938313739 

31,288976 

9,929504 

,001021450 

980 

960400 

941192000 

31,304952 

9,932884 

,001020408 

981 

962361 

944070141 

31,320919 

9,930261 

,001019368 

982 

904324 

946066168 

31,336879 

9.939636 

,001018330 

983 

966289 

9408621)87 

31,352831 

9,943009 

,001017294 

984 

968256 

952703904 

31,3(i8774 

9.946380 

,001016260 

985 

97(1225 

955671625 

31,384710 

9,949748 

,001015228 

986 

972196 

958585256 

31.40(J037 

9.9.53114 

,001014199 

987 

974109 

9615(14803 

31,410556 

9.956477 

,001013171 

988 

976144 

9(i4430272 

31,432467 

9.959839 

,001012146 

989 

978121 

907301669 

31 .448370 

9,9(53198 

,001011122 

990 

98(1100 

970299000 

31 ,404205 

9,960555 

,001010101 

991 

982081 

973242271 

31 ,480152 

9.969909 

,001009082 

992 

984064 

970191488 

31. 4901 -31 

9.973262 

,001 008';  65 

993 

986049 

979146657 

31,511903 

9.970612 

,001007049 

994 

988036 

982107784 

31,527765 

9.979960 

,001006036 

995 

990(125 

985074875 

31,543621 

9,983305 

,001005025 

996 

992016 

988047936 

31,559468 

9,980649 

,001004016 

997 

994009 

991020973 

31,575307 

9.989990 

,001003009 

998 

996004 

994011992 

31,591138 

9,993329 

,n01(l02004 

999 

998001 

997002999 

31.6(16961 

9,996666 

,001001001 

1000 

1000000 

lOUOOOuOOO 

31,622777 

10, 

,001000000 
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CIRCUMFERENCES 


AND     AREAS     OF     CIRCLES 
ALSO    SQUARES    UP   TO    12. 


FROM      0      TO      100, 
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12 
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16,690 
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41,282 
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42,718 
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54,391 
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1 
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17,4  75 
17,671 
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25,406 

30,250 
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i 

A 
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45,664 
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1 

18,064 
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25,967 
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27,10!) 
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■1 

24,847 
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24.710 

47,173 
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60,063 
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it 

18,653 
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35,254 

it 

24,936 

49,483 

63,004 
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25,133 
25,329 
25,525 
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27,489 
27,685 
27.882 
28,078 

28,274 
28,471 
28,667 
28,863 

29,060 
29,256 
29J452 
29,649 

29,845 
30,041 
30,238 
30,434 

30,631 
30,827 
31,023 
31,220 


50,265 
51,054 
51,849 
52,649 

53,456 
54,269 
55,088 
55,914 

56,745 
57,583 
58,426 
59,276 

60,132 
60,994 
61,862 
62,737 

63,617 
64,504 
65,397 
66,296 

67,201 
68,112 
69,029 
69,953 

70,882 
71,818 
72,760 
73,708 

74,662 
75,622 
76,589 
77,561 


64,000 
65,004 
66,016 
67,035 

.68,063 
69,098 
70,141 
71,191 

72,250 
73,316 
74,391 
75,473 

76,563 
77,660 
78,766 
79,879 

81,000 
82,129 
83,266 
84,410 

85,563 
86,723 
87,891 
89,066 

90,250 
91,441 
92,641 
93,848 

95,063 
96,285 
97,516 
98,754 


10 


11 


31,416 
31,612 
31,809 
32,005 

32,201 
32,398 
32,594 
32,790 

32,987 
33,183 
33,379 
33,576 

33,772 
33,968 
34,165 
34,361 

34,558 
34,754 
34,950 
35,147 

35,343 
35,539 
35,736 
35,932 

36,128 
36,325 
36,521 
36,717 

36,914 
37,110 
37,306 
37,503 


78,540 
79,525 
80.516 
81,513 


86,590 
87,624 
88,664 
89,710 

90,763 
91,821 
92,886 
93,956 

95,033 
96,116 
97,205 
98,301 

99,402 
100.51 
101,62 
102,74 

103,87 
105,00 
106,14 

107,28 

108,43 
109,59 
110,75 
111,92 


100,00 
101,25 
102,52 
103,79 


82,516  105,06 

83,525  106,35 

84,541    j  107,64 

85,562  !  108,94 


110,25 
111,57 
112,89 
114,22 

115,56 
116,91 
118,27 
119,63 

121,00 
122,38 
12a,77 
125,16 

126,56 
127,9  7 
129,39 
130,82 

132,25 
133,69 
135,14 
136,60 

138,06 
139,54 
141,02 
142,50 


TABLE    LVI.       (COXTIXUED). 
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TABLE    LVI.  —  CIRCUMFERENCES    AND    AREAS    OF     CIRCLES     FROM 

0  TO  100,  (continued). 


12 


o 


37,6991 
38,0918 
1 1  38.4845 
f  38,8772 


113,10 
115,47 
117,86 
120,28 


39,2699  122,72 
1139,6626  I  125,19 
a  j  40,0553  I  127,68 
i  40,4480  130,19 


13  40,8407 
i  41,2334 
il  41,6261 
f  ,  42,0188 

A  42,4115 
42,8042 
43,1969 
43,5896 


14 


132,73 
135,30 

137,89 
140,50 

143,14 
145,80 
148,49 
151,20 


43,9823  153,94 
44,3750  156,70 
44,7677  j  159,48 
45,1604  162,30 


15 


^  45,5531 
I  45,9458 
I  j  46,3385 
I   46,7312 

47,1239 
47,5166 
47,9093 
48,3020 


165,13 
167,99 
170,87 
173,78 

176,71 
179,67 
182,65 
185,66 


48,6947  188,69 
I  49,0874  1  191,75 
I  49,4801  194,83 
I    49,8728  >  197,93 


16      50,2655 

l'  50,6582 
1 151,0509 
§51,4436 


^51,8363    213,82 
1 1  52,2290  I  217,08 


* 


19 


i 


201,06 
204,22 
207,39 
210,60 


52,6217 
1 1  53,0144 

17  53,4071 
l'  53,7998 
^  54,1925 
f  ,  54,5852 


54,9779 
55,3706 
55,7633 
56,1560 


220,35 
223,65 

226,98 
230,33 
233,71 
237,10 

240,53 
243,98 
247,45 
250,95 


56,5487  254,47 

56,9414  258,02 

i    57,3341  261,59 

I    57,7268  265,18 


A  I  58,1195 
58,5122 
58,9049 


268,80 
272,45 
276,12 


59,2976    279,81 


59,6903 
60,0830 
60,4757 
60,8684 


283,53 
287,27 
291,04 
294,83 


61,2611  298,65 
61,6538  ■  302,49 
f  62,0465  306,35 
I    62,4392  .  310,24 


a 

1) 

bri 

<s 

a 

2 

2 

5 

20 

3 

< 

62,8319 

314,16 

i 

63,2246 

318,10 

i 

63,6173 

322.06 

t 

64,0100 

326,05 

i 

64,4026 

330,06 

1 

64,7953 

334,10 

3 
4 

65,1880 

338,16 

1 

65,5807 

342,25 

21 

65,9734 

346.36 

i 

66,3661 

350,50 

66,7588 

354,66 

1 

67,1515 

358,84 

i 

67,5442 

363,05 

i 

67,9369 

367,28 

3 

4 

68,3296 

371,54 

1 

68,7223 

375,83 

22 

69,1150 

380,13 

i 

69,5077 

384,46 

69,9004 

388,82 

1 

70,2931 

393,20 

i 

70,6858 

397,61 

1 

71,0785 

402,04 

1 

71,4712 

40(;,49 

i 

71,8639 

410,97 

23 

72,2566 

415,48 

- 

72,6493 

420,00 

73,0420 

424.56 

73,4347 

429,13 

i 

73,8274 

433,74 

1 

74,2201    438,36 

f 

74,6128;  44:i.(H 

i 

75,0055 

^447,69 
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TABLE    LVI. 


CIRCUMFERENCES    AND    AREAS    OF     CIRCLES     FROM 

0  TO  100,  (continued). 


3 

5 

o 
o 

a 
<o 
u 

s 

2 

"5 

< 

"S 

s 

5 

6 
o 

a 
2 

i 

5 

u 

1 

u 

0) 

o 
5 

5 

o 

s 

<2 

S 
5 

cs 
(0 

u 
•< 

24 

75,3982 

452,39 

28 

87,9646 

615,75 

32 

100,531 

804,25 

i    75,7909 

457,11 

i 

88,3573 

621,26 

i 

100,924 

810,54 

-      76,1836 

461,86 

X 
4 

88,7500 

626,80 

J. 

4 

101,316 

816,86 

i      76,5763 

466,64 

89,1427 

632,36 

101,709 

823,21 

^    76,9690 

471,44 

2 

89,5354 

637,94 

1 

102,102 

829,58 

1    77,3617 

476,26 

1 

89,9281 

643,55 

102,494 

835,97 

J    77,7544 

481,11 

3 

4 

90,3208 

649,18 

3 
4 

102,887 

842,39 

f 

78,1471 

485,98 

t 

90,7135 

654,84 

i 

103,280 

848,83 

25 

78,5398 

490,87 

29 

91,1062 

660,52 

33 

103,676 

855,30 

i 

78,9325 

495,79 

i 

91,4989 

666,23 

i 

104,065 

861,79 

1 

4 

79,3252  i  500,74  1 

1 

4 

91,8916 

671,96 

1 

4 

104.458 

868,31 

1    79,7179    505,71 

1 

92,2843 

677,71 

1 

104,851 

874,85 

1 

J    80,1106    510,71 

i 

92,6770 

683,49 

i 

105,243 

881.41 

■1    80,5033 

515,72 

1 

93,0697 

689,30 

1 

105,636 

888,00 

f  :  80,8960 

520,77 

3 

4 

93,4624 

695,13 

3 
4 

106,029 

894.62 

1    81,2887 

525,84 

1 

93,8551 

700,98 

t 

106,421 

901,26 

26      81,6814 

530,93 

30 

94,2478 

706,86 

34 

106,814 

907,92 

i    82,0741 

536,05 

i 

94,6405 

712,76 

i 

107,207 

914,61 

i  1  82,4668 

541,19 

1 

4 

95,0332 

718,69 

1 

4 

107,600 

921,32 

1    82,8595 

546,35 

95,4259 

724,64 

3 

8 

107,992 

928,06 

1    83,2522 

551,55 

i 

95,8186 

730,62 

i 

108,385 

934,82 

f    83,6449 

556,76 

1 

96,2113 

736,62 

1 

108,778 

941,61 

1    84,0376 

562,00 

3 

4 

96,6040 

742,64 

3 
4 

109.170 

948.42 

^    84,4303 

567,27 

1 
8 

96,9967 

748,69 

i 

109,563 

955,25 

27 

84,8230 

572.56 

31 

97,3894 

754,77 

35 

109,956 

962,11 

1    85,2157 

577,87 

i 

97,7821 

760,87 

i 

110,348 

969,00 

l '  85,6084 

583,21 

1 

4 

98,1748 

766,99 

i 

110,741 

975,91 

1    86,0011 

588,57 

98,5675 

773,14 

1 

111,134 

982,84 

^86,3938 

593,96 

i 

98,9602 

779,31 

1 

111,527 

989.80 

1,86,7865 

599.37 

5 

99,3529 

785,51 

111.919 

996,78 

f    87,1792 

604,81 

3 

4 

99,7456 

791,73 

4 

112.312 

1003.8 

1 

87,5719 

610.27  ' 

i 

100,138 

797,98 

i 

112,705 

1010,8 

TABLE     LVI.       (continued). 
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TABLE    LVI.  —  CIRCUMFERENCES    AND    AREAS     OF     CIRCLES     FROM 

0  TO  100,  (continued). 


36 


37 


113,097 
113,490 
113,883 
114,275 

114,668 
115,061 
115,454 
115,846 


116,239 
116,632 
117,024 
I  117,417 


117.810 
118,202 
118,596 
118,988 


38 


•F 


119,381 
119,773 
120,166 
120,559 


^120,951 
'     121,344 
121,737 
122,129 

39      122,522 
122,915 
4.    123.308 
123,700 

124,093 
124,486 
124,878 
125,271 


1017,9 
1025,0 
1032,1 
1039,2 

1046,3 
1053,5 
1060,7 
1068,0 

1075,2 
1082,5 
1089,8 
1097,1 

1104,5 
1111.8 
1119,2 
1126,7 

1134.1 
1141,6 
1149,1 
1156,6 

1164,2 
1171,7 
1179,3 
1186,9 

1194,6 
1202,3 
1210,0 
1217,7 

1225,4 
1233,2 
1241,0 
1248,8 


7 


43 


125,664 
126,056 
120.449 
126.842 


127.235 

I  127,027 
f  128,020 
■I    128,413 


41  I  128,805 
i  129,198 
I  129,591 
■I    129,993 

130,376 
130,769 
131,161 
I  '  131,554 

42  131,947 
I  j  132,340 
^i  132,732 
I  I  133,125 

^  133,518 
|!  133,910 
I  134,303 
I    134,096 


135,088 
135,481 
135,874 
136,267 

136,659 
137,052 
137,445 
137,837 


1256,6 
1264.5 
1272,4 
1280,3 

1288,2 
1296,2 
1304,2 
1312,2 

1320,3 
1328,3 
1336,4 
1344,5 

1352,7 
1360,8 
1369.0 
1377,2 

1385,4 
1393.7 
1402.0 
1410,3 

1418,6 
1427,0 
1435.4 
1443,8 

1452,2 

1460,7 
1469.1 
1477,6 

1486,2 
1494,7 
1503,3 
1511,9 


O 
44 


45 


46 


47 


138,230 
138,623 
139,015 
139,408 

139,801 
140,194 
140,586 
140,979 

141,372 
141,704 
142,157 
142,550 

142.942 
143,335 
143,728 
144,121 

144,513 

144,906 
145.299 
145,691 

146,084 
146,477 
146,809 
147,262 

147,055 
148,048 
14S.440 
148,833 

149.226 
149.018 
150,011 
150,404 


1520,5 
1529,2 
1537,9 
1546,6 

1555,3 
1564,0 
1572,8 
1581,6 

1590,4 
1599,3 
1608,2 
1017,0 

1020,0 
1634,9 
1043,9 
1052,9 

1661,9 
1070,9 
1680,0 
1689,1 

1098,2 
1707,4 
1710,5 
1725,7 

1734,9 
1744,2 
1  753,5 
1762,7 

1772,1 

1781,4 
1  790,8 
1800,1 
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TABLE    LVI. — CIRCUMFERENCES    AND    AREAS    OF     CIRCLES     FROM 

0  TO  100,  (continued). 


1^ 

e 
(5 

6 
£ 

B 
s 

3 

£ 
< 

a> 

5 

52 

a; 
0 

a 
£ 

S 

£ 
0 

i 
< 

c 

s 

5 

aj 
0 

K 

£ 

5 
5 

£ 
< 

48 

150,796 

1809,6 

163,363 

2123,7 

56 

175,929 

2463,0 

^ 

151,189 

1819,0 

i 

163,756 

2133,9 

i 

176,322 

24  74.0 

J. 

4 

151,582 

1828,5 

1 
4 

164,148 

2144,2 

± 
4 

176,715 

2485.0 

f 

151,975 

1837,9 

t 

164,541 

2154,5 

177,107 

2496,1 

1 

152,367 

1847,5 

i 

164,934 

2164,8 

^ 

177,500 

2507,2 

1 

152,760 

185  7,0 

1 

165,326 

2175,1 

■| 

177,893 

2518.3 

4 

153,153 

1866,5 

4 

165,719 

2185,4 

4 

1 78,285 

2529,4 

i 

153,545 

1876,1 

i 

166,112 

2195,8 

7 
"8 

178,678 

2540,6 

49 

153,938 

1885,7 

53 

166,504 

2206,2 

57 

179,071 

2551,8 

i 

154,331 

1895,4 

i 

166,897 

2216,6 

i 

179,463 

2563,0 

1 

4 

154,723 

1905,0 

1 
4 

167,290 

2227,0 

X 

179,856 

2574,2 

3 

8 

155,116 

1914,7 

f 

167,683 

2237,5 

3. 

8 

180,249 

2585,4 

i 

155,509 

1924,4 

1 

2 

168,075 

2248,0 

1 

180,642 

2596,7 

5 

155,902 

1934,2 

168,468 

2258,5 

1 

181,034 

2608,0 

3 
4 

156,294 

1943,9 

5. 

4 

168,861 

2269,1 

f 

181,427 

2619.4 

7 
8 

156,687 

1953,7 

i 

169,253 

2279,6 

i 

181,820 

2630,7 

50 

157,080 

1963,5 

54 

169,646 

2290,2 

58 

182.212 

2642.1 

i 

157,472 

1973,3 

i 

170,039 

2300,8 

i 

182.605 

2653,5 

1 

4 

157,865 

1983,2 

i 

170.431 

2311,5 

I 
4 

182.998 

2664,9 

3 

8 

158,258 

1993,1 

1 

170,824 

2322,1 

3 

8 

183,390 

26  76,4 

1 

•158,650 

2003,0 

1 

171,217 

2332,8 

^ 

183,783 

2687,8 

159,043 

2012,9 

171,609 

2343,5 

1 

184,176 

2699,3 

3 
4 

159,436 

2022,8 

1 

172.002 

2354,3 

1 

184.569 

2710,9 

7 
8 

159,829 

2032,8 

8 

172,395 

2365,0 

7 
8 

184.961 

2722,4 

51 

160.221 

2042,8 

55 

172,788 

2375,8 

59 

185,354 

2734,0 

i 

160,614 

2052,8 

i 

173,180 

2386,6 

i 

185,747 

2745,6 

1 

4 

161,007 

2062,9 

4 

173,573 

2397,5 

1 

186.139 

2757,2 

3 
8 

161,399 

2073,0 

3 

8 

173,966 

2408,3 

186,532 

2768,8 

1 

161,792 

2083,1 

i 

174,358 

2419,2 

i 

186.925 

2780,5 

■| 

162,185' 

2093,2 

1 

174,751 

2430,1 

5 

g 

187.317 

2792,2 

4 

162,577 

2103,3 

3 

4 

175.144 

2441,1  i 

3 

4 

187.710 

2803,9 

i 

162,970 

2113,5! 

7 
8 

175,536 

2452,0  ' 

1 

8 

188,103 

2815,7 

TABLE    LYI.      (CONTINUED). 
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TABLE    LVI.  —  CIRCCMFERENCES   AND    AREAS     OF     CIRCLES     FROM 

0  TO  100,  (continued). 


s 

o 

1^ 

<2 

"S 

E 

Q 

3 

< 

60 

188,496 

2827,4 

1 

188,888 

2839,2 

i 

189,281 

2851,0 

t 

189,674 

2862,9 

i 

190,066 

2874,8 

1 

190,459 

2886,6 

s. 

4 

190,852 

2898.6 

i 

191,244 

2910,5 

61 

191,637 

2922,5 

i 

192,030 

2934.5 

i 

192.423 

2946,5 

f 

192,815 

2958,5 

i 

193,208 

2970,6 

1 

193,601 

2982,7 

3 
4 

193,993 

2994,8 

i 

194,386 

3006,9 

62 

194,779 

3019,1 

i 

195,171 

3031,3 

1 

4 

195,564 

3043.5 

f 

195,957 

3055,7 

^ 

196,350 

3068,0 

& 

196,742 

3080,3 

4 

197,135 

3092,6 

i 

197,528 

3104,9 

63 

197,920 

3117,2 

1 

198,313 

3129,6 

198,706 

3142,0 

t 

199,098 

3154,5 

^ 

199,491 

3166,9 

1 

199,884 

3179,4 

200.277 

3191.9 

1 

200,669 

3204,4 

IS 

5 

64 

s 
i 

5 

< 

201,062 

3217,0 

i 

201,455 

3229,6 

1 

4 

201,847 

3242,2 

1 

202,240 

3254,8 

i 

202,633 

3267.5 

203,025 

3280,1 

4 

203,418 

3292,8 

i 

203,811 

3305,6 

65 

204,204 

3318,3 

i 

204,596 

3331,1 

i 

204,989 

3343,9 

1 

205,382 

3356,7 

i 

205,774 

3369,6 

1 

206,167 

3382,4 

206,560 

3395,3 

1 

206,952 

3408,2 

66 

207,345 

3421,2 

i 

207,738 

3434,2 

i 

208,131 

3447,2 

1 

208,523 

3460,2 

1 

208,916 

3473,2 

209,309 

3486,3 

I 

209.701 

3499,4 

i 

210,094 

3512,5 

67 

210,487 

3525,1 

i 

210,879 

3538,8 

i 

211,272 

3552,0 

f 

211,665 

3565,2 

i 

212,058 

3578.5 

212,450 

3591.7 

1 

212.843 

3605,0 

7 
■ff 

213,236 

3618,3 

68 


69 


70 


71 


213,628 
214,021 
214,414 
214,806 

215,199 
215,592 
215,984 
216,377 

216,770 
217,163 
217,555 
217,948 

218,341 
218,733 
219.126 
219,519 

219,911 
220,304 
220,(597 
221,090 

221,482 
221,875 
222,268 
222,660 

223,053 
223,446 
223,838 
224,231 


224,624    4015,2 


3631,7 
3645,0 
3658,4 
3671,8 

3685,3 
3698,7 
3712,2 
3725,7 

3739,3 
3  752,8 
3  7(i(;,4 
3780,0 

3793,7 
3807,3 
3821,0 
3834,7 

3848,5 
3862.2 
3876,0 
3889,8 

3903,6 
3917,5 
3631.4 
3945,3 

3959,2 
3973,1 
3987,1 
4001,1 


225,01  7 
225,409 
225,802 


4029,2 
4043,3 
4057,4 
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TABLE    LVI.  —  CIRCUMFERENCES    AND    AREAS     OF     CIRCLPIS     FROM 

0  TO  100,  (continued). 


a 

a 
5 

a) 
o 

n 

a 

o 

5 

D 

4071,5 

<u 

s 

a 
5 

76 

6 

a 
<v 

u 

3 
o 

u 

s 
5 

s 

3 

OS 

•< 

72 

226,195 

238,761 

4536,5 

80 

251,327 

5026,5 

i 

226,587 

4085,7 

1 

8 

239,154 

4551,4 

1 

8 

251,720 

5042,3 

226,980 

4099,8 

239,546 

4566,4 

1 

252,113 

5058,0 

1 

227,373 

4114,0 

1 

239,939 

4581,3 

252,506 

5073,8 

1 

2 

227,765 

4128,2 

i 

240,332 

4596,3 

i 

252,898 

5089,6 

1 

228,158 

4142,5 

1 

240,725 

4611,4 

1 

253,291 

5105,4 

3 
4 

228,551 

4156,8 

241,117 

4626,4 

f 

253,684 

5121,2 

i 

228,944 

4171,1 

"8 

241,510 

4641,5 

i 

254,076 

5137,1 

73 

229,336 

4185,4 

77 

241,903 

4656,6 

81 

254,469 

5153,0 

i 

229,729 

4199,7 

■1 

242,295 

4671,8 

i 

254,862 

5168,9 

X 
4 

230,122 

4214,1 

1 

242,688 

4686,9 

'4 

255,254 

5184,9 

3 

8 

230,514 

4228,0 

3 

8 

243,081 

4702,1 

3 

8 

255,647 

5200,8 

i 

230,907 

4242,9 

1 

243,473 

4717,3 

1 

256,040 

5216,8 

1 

231,300 

4257,4 

243,866 

4732,5 

■§" 

256,433 

5232,8 

3 
4 

231,692 

4271,8 

4" 

244,259 

4  747,8 

256,825 

5248,9 

¥ 

232,085 

4286,3 

i 

244,652 

4763,1 

1 

257,218 

5264,9 

74 

232,478 

4300,8 

78 

245,044 

4778,4 

82 

257,611 

5281,0 

1 

g 

232,871 

4315,4 

i 

245,437 

4793,7 

1 

258,003 

5297,1 

J. 

4 

233,263 

4329,9 

1 

4 

245,830 

4809,0 

4^ 

258,396 

5313,3 

233,656 

4344,5 

1 

246,222 

4824,4 

258,789 

5329,4 

i 

234,049 

4359,2 

i 

246,615 

4839,8 

1 

259,181 

5345,6 

234,441 

4373,8 

1 

247,008 

4855,2 

1 

259,574 

5361,8 

4 

234,834 

4388,5 

1 

247,400 

4870,7 

T 

259,967 

5378,1 

1 

235,227 

4403,1 

i 

247,793 

4886,2 

1 

260,359 

5394,3 

75 

235,619 

4417,9 

79 

248,186 

4901,7 

83 

260,752 

5410,6 

i 

236,012 

4432,6 

1 

248,579 

4917,2 

■4 

261,145 

5426,9 

X 

236,405 

4447,4 

^ 

248,971. 

4932,7 

261,538 

5443,3 

1 

236,798 

4462,2 

1 

249,364 

4948,3 

261,930 

5459,6 

^ 

237,190 

4477,0 

^ 

249,757 

4963,9 

i 

262,323 

5476,0 

i 

237,583 

4491,8 

1 

250.149 

4979}5 

5 

262,716 

5492,4 

3. 

237,976 

4506,7 

1 

250,542 

4995,2 

f 

263,108 

5508,8 

1 

238,368 

4521,5 

i 

250,935 

5010,9 

i 

263,501 

5525,3 

TABLE    LVI.       (continued). 
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TABLE    LVI.  —  CIRCUMFERENCE    AND     AREAS     OF     CIRCLES     FROM 

0  TO  100,  (continued). 


a 
Q 

i 

3 
3 

< 

to 

a 
(5 

a) 
u 
a 
2 

V 

E 

3 

2 

3 

c 

i 

5 
92 

Circumference. 

C8 

84 

263,894 

5541,8 

88 

276,460 

6082,1 

289,027 

6647,6 

i 

264,286 

5558,3 

f 

276,853 

6099,4 

■1 

289,419 

6065,7 

264,6  79 

5574,8 

277,246 

6116,7 

1 

289,812 

6083,8 

f 

265,072 

5591,4 

"8 

277,638 

6134,1 

1 

290,205 

6701,9 

i 

265,465 

5607,9 

1 

278,031 

6151,4 

i 

290.597 

6720.1 

265,85  7 

5624,5 

1 

278,424 

6168,8 

1 

290,990 

6  738,2 

1 

266,250 

5641,2 

1 

278,816 

6186,2 

f 

291,383 

6756,4 

i 

266,643 

5657,8 

i 

279,209 

6203,7 

i 

291,775 

6774,7 

85 

267,035 

5674,5 

89 

279,602 

6221,1 

93 

292,163 

6792,9 

1 

26  7,428 

5691,2 

i 

279,994 

6238,6 

1 

8 

292,561 

0811,2 

4 

26  7,821 

5707,9  i 

i 

280,387 

6256,1 

292,954 

6829.5 

1 

268,213 

5  724,7 

f 

280,780 

6273,7 

1 

293,346 

6847,8 

i 

268,606 

5741,5 

f 

281,173 

6291,2 

1 

293,739 

6800,1 

268,999 

5758,3 

•r 

281,565 

6308,8 

s. 

294,132 

6884,5 

3 

269,392 

5775,1 

1 

281,958 

0326,4 

f 

294,524 

6902.9 

i 

269,784 

5791,9 

7 
8 

282,351 

6344,1 

1 

294,917 

6921,3 

86 

270,177 

5808,8 

90 

282,743 

6361,7 

94 

295,310 

6939,8 

1 

270,5  70 

5825,7 

1 

283,136 

0379,4 

i 

4 

295,702 

0958,2 

1 

270,962 

5842,6 

^ 

283.529 

6397,1 

296,095 

0976,7 

1 

271,355 

5859,6 

1 

283,921 

6414,9 

1 

296,488 

6995,3 

i 

271,748 

5876,5 

^ 

284,314 

0432,6 

^ 

296,881 

7013,8 

272,140 

5893,5 

284,707 

6450,4 

1^ 

297,273 

7032,4 

1 

272,533 

5910,6 

i( 

285,100 

6468,2 

I 

297,666 

7051,0 

1 

272,926 

5927,6 

I 

285,492 

6486,0 

1 

298,059 

7009,6 

87 

2  73,319 

5944,7 

91 

285,885 

6503,9 

95 

298,451 

7088,2 

i 

273,711 

5961,8 

X 

286,278 

6521,8 

298,844 

7100,9 

1 

274,104 

5978.9 

^ 

286,6  70 

6539,7 

299,23  7 

7125,6 

1 

274,49  7 

5996,0 

"k 

287,063 

6557,6 

299,629 

714-1,3 

^ 

274,889 

6013,2 

i 

287,456 

6575,5 

i 

300,022 

7103.0 

1 

275,282 

0030,4 

-t 

2H7,848 

6593,5 

1 

300,415 

71S1,8 

1 

2  75,675 

604  7,6 

i 

28H.241 

6611,5 

1 

300.807;  7200,6 

1 

276,067 

6064,9 

i 

288,634 

6629,6 

'8 

301,200 

7219,4 
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TABLE    LVI. — CIRCUMFERENCE     AND     AREAS     OF     CIRCLES     FROM 

0  TO  100,  (continued). 


96 


97 


301,593 
301,986 
302,378 
302,771 

303,164 
303,556 
303,949 
304,342 

304,734 
305,127 
305,520 


7238,2 
7257,1 
7276,0 
7294,9 

7313,8 
7332,8 
7351,8 
7370,8 

7389,8 
7408,9 
7428,0 


971 


98 


305,913 

306,305 
306,698 
307,091 
307,483 

307,876 
308,269 
308,661 
309,054 

309,447 
309,840 


4> 

(U 

cS 

£ 

<s 

< 

P 
98| 

7447,1 

7 

7466,2 

8 

7485,3 

99 

7504,5 

7523,7 

i 

3 

7543,0 

8 

7562.2 

-|- 

7581,5 

8 

7600,8 

i 

7 

7620,1 

8 

7639,5 

100 

310,232 
310,625 

311,018 
311,410 
311,803 
312,196 

312,588 
312,981 
313.374 
313,767 


7658,9 
7678,3 

7697,7 
7717,1 
7736,6 
7756,1 

7775,6 
7795,2 
7814,8 
7834,4 


314,159  !  7854,0 


TABLE    LVir. 
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TABLE  LVII. 

DFXIMAL    PARTS    OF    AN    INCH    FOR    EACH    gL    OF    AN    INCH. 


Fractiok. 

Decimal. 

Fkactiok. 

Decimal. 

Fraction. 

Decimal. 

t 

0,015625 

li 

0,328125 

15. 
64 

0,703125 

0,03125 

H 

0,34375 

2  8 

3  2 

0,71875 

i 

0.046875 

IV 

0,359375 

H 

0,734375 

s 

0,0625 

f 

0,375 
0,390625 

f 

U,75 

6\ 

0,078125 

M 

0,40625 

i.3. 

0.765625 

A 

0,09375 

H 

0,421875 

P 

0,78125 

eV 

0.109375 

tV 

0,4375 

u 

0,796875 

1 
s 

0,125 

0,453125 
0,46875 

\l 

0,8125 

6\ 

0,140625 

¥ 

0.484375 

If 

0,828125 

3^ 

0,15625 

i 

0,5 

|7 

0,84375 

H 

0,171875 

If 

0,515625 

55 

0,859375 

1^6 

0,1875 

fl 

0,53125 

0,546875  ' 

1 

0,875 

i4 

0,203125 

9 

0,5625 

64 

0,21875 

0,234375 

0,25 

37 
6T 

f 

0,578125 
0,59375 
0,609375 
0,625 

5  7 
64 

If 

If 

0,890625 
0,90625 
0.921875 
0,9375 

H 

0,265625 

It 

0,640625 

0,28125 

M 

0.65625 

£1 
6  4 

0,953125 

6T 

0,296875 

1  T 

0.671875 

0.96875 

A 

0.3125 

0.6875 

If 

0,984375 

258 
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TABLE   LYIII. 

DECIMAL  PARTS  OF  A  FOOT  FOR  EACH  gL  oF   AN   INCH,  FROM  0"  TO  12". 


Inch. 

0" 

0 

0 

^T 

,0013 

3^^ 

,0026 

^\ 

,003  y 

iV 

,0052 

6T 

,0065 

i'- 

,0078 

Wt 

,0091 

1 

8 

,0104 

b\ 

,0117 

■io 

,0130 

*i 

,0143 

T% 

,0156 

,0833 


1' 


2" 


3"    I    4"    I    5" 


,1667,2500,3333,4167 


,0846  ,1680,2513,3346 
,08591,1693  ,2526!,3359 


,0872,1706,2539 
,0885,17191,2552 


0898 
,0911 
,0924 
,0937 

,0951 
,0964 
,0977 
,0990 


If 

1  3 
¥2 


ift 


,0169 
,0182 
,0195 
0208 

,0221 
,0234 
,0247 
,0260 

.0273 
,0286 
0299 
0312 

,0326 
,0339 
,0352 
,0365 

,0378 
,0391 
.0404 


,17321,2565 
,1745', 2578 
,1758', 2591 
,177li,2604 

,1784,2617 
,1797  ,2630 
,1810,2643 
,1823,2656 


,3372 
3385 

,3398 
,3411 
,3424 
3437 


,1003  ,1836', 2669 
,1016,1849^,2682 
,10291,1862,2695 


,4180 
,4193 
,4206 
,4219 

,4232 
,4245 
,4258 
,4271 


,5000,5833 

,5013,5846 
,5026  ,5859 
,5039,5872 
,5052  ,5885 


,3451  ,4284 


,3464 
,3477 
,3490 


,4297 
,4310 
4323 


,1042  ,1875  ,2708  ,3542  ,4375  ,5208 


,3503  ,4336 
,3516J,4349 
,3529,4362 


6" 


5065 
.5078 
,5091 
,5104 


,5898 
,5911 
,5924 
,5937 


,5117  ,5951 


,5130 
,5143 
,5156 

,5169 
,5182 
,5195 


,10551,1888  ,2721  ,3555  ,4388  ,5221 
,10681,1901  ,2734,3568,4401  ,5234 
,1081 1,19141,2747  .3581  ,4414  ,524 
,1094',1927:,2760  ,3594  ,4427  ,5260 


,1107], 1940', 2773 
,1120':, 19531, 2786 
,11331,19661,2799 
,11461,19791,2812 


,5964 
,5977 
,5990 

6003 
,6016 
,6029 
,6042 


,6667 

,6680 
,6693 
,6706 
,6719 

,6732 
,6745 
,6  758 
,6771 

,6784 
,6797 
,6810 
,6823 

,6836 
,6849 
,6862 
,6875 


9" 


,7500 

,7513 

,7526 

539 

,7552 

,7565 
,7578 
,7591 
,7604 

,7617 
,7630 
,7643 
,7656 

,7669 

,7682 
,7695 
,7708 


10" 


,8333 

,8346 
,8359 
,83  72 
,8385 

,8398 
,8411 
,8424 
,8437 

.8451 

.8464 
,8477 
,8490 

,8503 
,8516 
,8529 
,8542 


,9180 
,9193 
.9206 
,9219 

,9232 
,9245 
,9258 
,9271 

,9284 
,9297 
,9310 
,9323 

,9336 
,9349 
,9362 
,9375 


,6055,6888,7721  ,8555,9388 
,60681,6901  ,7734|,8568|, 9401 


,60811,6914  ,7747 
,60941,6927,7760 


,3607 
,3620 
,3633 
,3646 


,4440,5273 
,4453,5286 


,1159,1992,2826,3659 
,1172,2005,28391,3672 

,1185i,20l8l,2852i,3685 
,1198|, 2031  ,2865  ,3698 

,12111,2044,2878,3711 
,1224i,2057|,2891  ,3724 
,1237^,2070,29041,3737 


,4466 
,4479 

,4492 
,4505 
,4518 
,4531 

,4544 
,4557 
,4570 


,5299 
,5312 

,5326 
,5339 
,5352 
,5365 

,5378 
,5391 
,5404 


,6107,6940 
,6120,6953 
,6133  ,6966 
6146,6979 


,6159 
.6172 
,6185 
,6198 

,6211 
,6224 
,6237 


,041 71, 1250. 2083i. 291  71. 3750  .45831. 541 


,8581  ,9414 
,8594,9427 


,7773 
,7786 
,7799 
,7812 


,6992 
,7005 
,7018 
,7031 

,7044 
,7057 
,7070 


,8607 
,8620 
,8633 
,8646 


,9440 
,9453 
,9466 
,9479 


,7826  ,8659  ,9492 


,7839 
,7852 
,7865 


,62501,7083 


,86721,9505 
,8685',, 9518 
,86981,9531 


r878 

r89i 


,87111,9544 
,8724,0557 
,7904,87371.9570 
,79171,8750,9583 


TABLE    LVIir.       (COXTINUEn.) 
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TABLE   LVIII.  —  DECIMAL    PARTS  OF  A  FOOT    FOR    EACH  g\  OF    AX    INCH 
FROM    0"    TO    12",    (continued.) 


luch. 

0" 

1" 

2" 

3" 

,2930 

4" 

5" 

6" 
,5430 

7" 

8" 

9" 
,7930 

10" 
,8763 

11" 

A3 
64 

,0430 

,1263 

,2096 

,3763 

,4596 

,6263 

,7096 

,9596 

u 

,0443 

,1276 

,2109 

,2943 

,3776 

,4609 

,5443 

,6276 

,7109 

,7943 

,8776 

,9609 

If 

,0456 

,1289 

,2122 

,2956 

,3789 

,4622 

,5456 

,6289 

,7122 

,7956 

,8789 

,9622 

T% 

,0469 

,1302 

1 

,2135 

,2969 

,3802 

,4635 

,5469 

,6302 

,7135 

,7969 

,8802 

,9635 

n 

,0482 

1 

,1315; 

,2148 

,2982 

,3815 

,4648 

,5482 

,6315 

,7148 

,7982 

,8815 

,9648 

u 

,0495 

,1328i 

,2161 

,2995 

,3828 

,4661 

,5495 

,6328 

,7161 

,7995 

,8828 

,9661 

11 

,0508 

,1341 ! 

,2174 

,3008 

,3841 

,4674 

,5508 

,6341 

,7174 

,8008 

,8841 

,9674 

f 

,0521 

,1354 

,2188 

,3021 

,3854 

,4688 

,5521 

,6354 

,7188 

,8021 

,8854 

,9688 

It 

,0534 

,1367 

,2201 

,3034 

,3867 

,4701 

,5534 

,6367 

,7201 

,8034 

,8867 

,9701 

fi 

,0547 

,1380 

,2214 

,3047 

,3880 

,4714 

,5547 

,6380 

,7214 

,8047 

,8880 

,9714 

if 

,0560 

,1393 

2227 

,3060 

,3893 

.4727 

.5560 

,6393 

,7227 

,8060 

,8893 

,9727 

H 

,0573 

,14061 

^2240 

,3073 

,3906 

,4740 

,5573 

,6406 

,7240 

,8073 

,8906 

,9  740 

fl 

,0586 

,1419' 

,2253 

,3086 

,3919 

,4753 

,5586 

,6419 

,7253 

,8086 

,8919 

,9753 

ft 

,0599 

,1432- 

,2266 

,3099 

,3932 

,4766 

,5599 

,6432 

,7266 

,8099 

,8932 

,9766 

it 

,0612 

,14451 

,2279 

,3112 

,3945 

,4779 

,5612 

,6445 

,7279 

,8112 

,8945 

,9779 

1 

,0625 

,1458 

,2292 

,3125 

,3958 

,4792 

,5625 

,6458 

,7292 

,8125 

,8958 

,9792 

11 

,0638 

,1471 

,2305 

,3138 

,3971 

,4805 

,5638 

,6471 

,7305 

,8138 

,8971 

,9805 

,0651 

,1484 

,2318 

,3151 

,3984 

,4818 

,5651 

,6484 

,7318 

,8151 

,8984 

,9818 

li 

,0664 

,1497 

,2331 

,3164 

,3907 

,4831 

,5664 

,6497 

,7331 

,8164 

,8997 

,9831 

if 

,0677 

,1510 

,2344 

,3177 

,4010 

,4844 

,5677 

,6510 

,7344 

,8177 

,9010 

,9844 

H 

,0690 

,1523 

,2357 

,3190 

,4023 

,4857 

,5690 

,6523 

,7357 

,8190 

,9023 

,9857 

14 

,0703 

,1536 

,2370 

,3203 

,4036 

,4870 

,5703 

,6536 

,7370 

,8203 

,9036 

,9870 

tf 

,0716 

,1549 

,2383 

,3216 

,4049 

,4883 

.5716 

.6549 

,7383 

,8216 

,9049 

,9883 

i 

,0729 

,1562 

,2396 

,3229 

,4062 

,4896 

,5729 

,6562 

,7396 

,8229 

,9062 

,9896 

11 

,0742 

,1576 

,2409 

,3242 

,4076 

,4909 

,5742 

,6576 

,7409 

,8242 

,9076 

,9909 

fl 

,0755 

,1589 

,2422 

,3255 

,4089 

,4922 

,5755 

,6589 

,7422 

,8255 

,9089 

,9922 

,0768 

,1602 

,2435 

,3268 

,4102 

,4935 

,5768 

,6602 

,7435 

,8268 

.91(»2 

,9935 

il 

,0781 

,1615 

,2448 

,3281 

,4115 

,4948 

,5781 

,6615 

,7448 

,8281 

,9115 

,9948 

1^ 

,0794 

,1628 

,2461 

,3294 

,4128 

,4961 

,5794 

,6628 

,7461 

,8294 

,9128 

,9961 

f 

,0807 

,1641 

,2474 

,3307 

,4141 

,4974 

,5807 

,6641 

,7474 

,8307 

,9141 

,9974 

^^■ 

1,0820 

,1654 

,2487 

,3320 

,4154 

,4987 

,5820 

,6654 

,7487 

,8320 

,9154 

,9987 

1 

1 

1 .0(100 
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TABLE   LIX. 


REDUCTION   OF    ENGLISH    FEET    AND    INCHES    TO    METRES. 


O" 

1" 

2" 

3" 

4" 

5" 

6" 

7" 

1  8" 

9" 

10" 

11" 

0' 

0 

0,025 

0,051 

0,076    0,102 

0,127 

0,152 

0,178 

0,203 

1  0,229 

0,254 

0,279 

1' 

0.305 

0.330 

0.356 

0,3811  0,406 

0,432 

0,457 

0,483 

0.508 

0.533 

0,559 

0,584 

2' 

O.OIO 

0,635 

0,660 

0,686|  0,711 

0,737 

0.762 

0,787 

0,813 

0,838 

0.801 

0,889 

3' 

O.iiU 

0,940 

0,965 

0,991 

1,016 

1,041 

1,067 

1 ,092 

1,118 

1,143 

1.168 

1.194 

4' 

1,219 

1,245 

1,270 

1,295 

1,321 

1,346 

1,372 

1,397 

1,422 

1,448 

1,473 

1,499 

^'\ 

1,524 

1,549 

1,575 

1,600 

1,626 

1,651 

1,676 

1,702 

1,727 

1.753 

1.778 

1,803 

(i'\ 

1,829 

1,854 

1,880 

l,905j  l,9.i0 

1,956 

1,981 

2,007 

2,032 

2,057 

2,083 

2,108 

V 

2,134 

2,159 

2,184 

2.21 0[  2,235 

2,261 

2,286 

2,311 

2,337 

2,362 

2,388 

2,413 

8' 

2,438 

2,464 

2,489 

2,515'   2,540 

2,565 

2,591 

2,616 

2,642 

2.667 

2.692 

2,718 

9' 

2,743 

2,769 

2,794 

2,819 

2,845 

2,870 

2,896 

2,921 

2,916 

2,972 

2,997 

3,023 

10' 

3,048 

3,073 

3,099 

3,124 

3,150 

3.175 

3,200 

3,226 

3,251 

3,277 

3,302 

3,327 

11' 

3,353 

3.37S 

3,404 

3,429 

3,454 

3,480 

3,505 

3,531 

3,556 

3,581 

3,607 

3,632 

12' 

3,658 

3,6>!3 

3,708 

3.734 

3,759 

3. 785 

3,810 

3.835 

3,861 

3,886 

3,912 

3,937 

13' 

3,962 

3.988 

4,013 

4,039 

4,064 

4,089 

4,115 

4,140 

4.166 

4.191 

4,216 

4,242 

14' 

4,267 

4,293 

4,318 

4,343 

4,369 

4,394 

4,420 

4,445 

4,470 

4,496 

4,521 

4,547 

15' 

4.572 

4.597 

4,623 

4,648 

4,674 

4.699 

4,721 

4,750 

4,775 

4,801 

4,826 

4,851 

16' 

4,><77 

4,902 

4,928 

4,953 

4,978 

5,004 

5,029 

5,055 

5,080 

5,105 

5,131 

5,156 

17' 

5,182 

5,207 

5,232 

5,258 

5,283 

5,309 

5,334 

5,359 

5,385 

5,410 

5,436 

5,461 

18' 

5,486 

5,512 

5,537 

5,563 

5,588 

5,613 

5,639 

5.664 

5.690 

5,715 

5,740 

5,766 

19' 

5,791 

5,817 

5,842 

5,867 

5,893 

5,918 

5,944 

5,969 

5,994 

6,020 

0,045 

6,071 

20' 

6,096 

6.121 

6,147 

6,172 

6,198 

6,223 

6,24S 

6,271 

6,299 

6,.'!25 

6,3.50 

6,375 

(A 

21' 

6,401 

6.426 

6,452 

6,477 

6,502 

6,528 

6.553 

6.579 

6,6(14 

(;,i;l".i 

(;,(;".5 

(i.OfO 

« 

22'! 

6,703 

6,731 

0,756 

6.782 

6,807 

6,833 

6,858 

6,883 

6,9():i 

(;,'':;4 

r..'.i(;i) 

0,1185 

+.< 

23' 

7,010 

7.036 

7,061 

7,087 

7,112 

7,137 

7,163 

7.188 

7,211 

7,2.j9 

7.204 

7,290 

24' 

7,315 

7,341 

7,366 

7,391 

7,417 

7,442 

7,468 

7,493 

7,518 

7,544 

7,569 

7,595 

25' 

7,620 

7,645 

7,671 

7,696 

7,722 

7,747 

7,772 

7,798 

7,823 

7,849 

7,874 

7,899 

26' 

7,925 

7.950 

7,976 

8,001 

8,026 

8,052 

8.077 

8,103 

8,128 

8,153 

8,179 

8,204 

27' 

8,230 

8,255 

8.280 

8,306 

8,331 

8,357 

8.382 

8.407 

8,433 

8,458 

8,484 

8,509 

28' 

8,534 

8.560 

8.5>5 

8,611 

8.036 

8,661 

8,687 

8,712 

8,738 

8,763 

8,788 

8,814 

29' 

8,839 

8,865 

8,890 

8,915 

8,941 

8,966 

8,992 

9,017 

9,042 

9,068 

9,093 

9,119 

30', 

9,144 

9.16D 

9.195 

9,220 

9,246 

9,271 

9,296 

9.322 

9,347 

9,373 

9,398 

9.423 

31' 

9,449 

9,474 

9,500 

9,525 

9.550 

9,576 

9,601 

9,627 

9,652 

9,677 

9,703 

9,728 

32'> 

9,754 

9.779 

9,M)4 

'.i.s.'iit  9,sriri 

9,8^1 

9,906 

9,931 

9,957 

9,982 

lo,(l(lS 

10,033 

33' i 

10,05s 

10,084  10,10',) 

lii,i:;."j  111, ICO 

10,185  10.211 

10.236 

10,262 

10.287 

i(i,:;i2 

1(1,338 

34', 

10,363 

10,389  10,414 

10,439  10,465 

10,490  10,516 

10,541 

10,566 

10,592 

10,617 

10,643 

35', 

10,668 

10,693 

10,719 

10,744  10,770 

10,795  10,820 

10,846 

10,871 

10,897 

10,922 

10,947 

36' 

10,973 

10,998 

11,024 

11,01911,074 

11,100  11,125 

11,151 

11,176 

11,201 

11,227 

11,252 

37', 

ll,27s 

11,303 

11,328 

11,354  11,379 

11,405  11,431 

11,455 

11.481 

11,500 

11,532 

11,557 

38' 

11.582 

11,608 

11,033 

1 1, 659 1 11,684 

11,709,11,735 

11.760 

11.7S6 

11,811 

11,836 

11,862 

39' 

11,887 

11,913 

11,938 

11,963111,989 

12,014^  12,u4u 

12,065 

12,090 

12,116 

12,141 

12,167 

40' 

12,192  12,217'l2.24r; 

12.26S  12,294 

12,319  12,344 

12,370 

12,395 

12,421 

12,446 

12.471 

41' 

12,4;t7  12..VJ.'  lJ,.-.4s 

12,:,::;  12,598 

12,(L'4  12,(U;t 

12,i;7."> 

12,700 

12,725 

12,751 

12.776 

42' 

12,SU1M2,SL'7  12.S.VJ 

12.S7,s  12,903 

12.:i29  l2,o:)4 

12,979 

13,005 

13.030 

13,056 

13,081 

43' 

13,106  13,132' 13,157 

13,183  13,208 

13.233  13,259 

13,284 

13,310 

13,335 

13.360 

13,386 

44', 

13,411  13,437  13,462 

13,4S7;i3,513 

1 

13,538|  13,564 

13,589 
7" 

13,614 

13,640 

13,665 

13,691 

~l 

0"    1    1"    1    2" 

3"    I    4" 

5"    1    0" 

8" 

9" 

10" 

11" 

1000  millimetre'?  =:  100  centimetres  =  10  decimetres  =  1  metre. 
1000  metres  =  100  decametres  =  10  hectometres  zr  1  kilometre. 
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TABLE   LX. 

REDUCTION   OF    ENGLISH   INCHES    TO   MILLIMETRES. 


tV" 

0,79 

M" 

15,08 

1_5_" 
-^16 

33,34 

21" 

73,02 

}c" 

1,59 

r 

15,87 

13" 

^  8 

34,92 

3' 

76,20 

A' 

2,38 

w 

16,67 

ItV 

36,51 

3*" 

79,37 

r 

3,17 

17,46 

H" 

38,10 

3^ 

82,55 

^" 

3,97 

U" 

18,26 

ItV 

39,69 

3|" 

85,72 

i%" 

4,76 

r 

19,05 

1 1-" 

41,27 

3i" 

88,l»0 

>l" 

5,56 

w 

19,84 

m" 

42,86 

31" 

92,0  7 

i" 

6,35 

13" 
T6 

20,64 

13" 
•^4 

44,45 

H" 

95,25 

A" 

7,14 

w 

21.43 

113" 
■^16 

46,04 

H" 

98,42 

7,94 

r 

22,22 

n" 

47,62 

4" 

101,60 

8,73 

w 

23,02 

115" 

49,21 

4i" 

107,9o 

3" 
8 

9,52 

15" 
16 

23,81 

2'" 

50,80 

H" 

114,30 

«:; 

10,32 
11,11 

w 

1" 

24,61 
25,40 

2^" 
2\" 

53,97 
57,15 

f 

120,65 
127,00 

«r 

11,91 
12,70 

26,99 
28,57 

2k" 

60,32 
63,50 

H" 

51" 

133,35 
139.70 

H" 

13,49 

ifV 

30.16 

■)o" 

~8 

66,67 

51" 

146,05 

S"J 

14,29 

H" 

31,75 

2^" 

6'.,85 

6" 

152  4  0 

TABLE   LXL 

REDUCTION   OF    ENGLISH   WEIGHTS    TO    KILOGRAMS. 


Lbs. 

Kilos. 

Lbs. 

Kilos. 

CWTS. 

Kilos. 

CWTS. 

Kilos. 

1 

0,454 

17 

7,711 

1 

50,80 

17 

863,64 

2 

0,907 

18 

8,165 

2 

101,60 

18 

914,44 

3 

1,361 

19 

8,618 

3 

152,41 

19 

965,24 

4 

1,814 

20 

9,072 

4 

203,21 

Lons 
Tons. 

5 

2,268 

21 

9,525 

5 

254,01 

1 

1016,05 

6 

2,722 

22 

9,979 

6 

304,81 

2 

2032,1 

7 

3,175 

23 

10,4  33 

7 

355,02 

3 

3048,1 

8 

3,629 

24 

10,886 

8 

406,42 

4 

4064,2 

9 

4,082 

25 

11,340 

9 

457,22 

5 

5080,2 

10 

4,530 

20 

11,793 

10 

508,02 

6 

6096,3 

11 

4,990 

27 

12,247 

11 

558,83 

< 

7112,3 

12 

5,443 

12 

609,63 

8 

8128,4 

13 

5,897 

Qc. 

13 

600,43 

9 

9144,4 

14 

0,350 

1 

12,701 

14 

711,23 

10 

10100,5 

15 

6,804 

2 

25,401 

15 

702,04 

11 

11176,5 

16 

7,257 

3 

38,102 

16 

812,84 

12 

12192.6 
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TABLE   LXII. 

ENGLISH    MEASURES    AND    WEIGHTS. 

(U.  S.  standards  are  the  same.) 

LONG  MEASURE. 

12  Inches  =:  1  foot. 
3  teet  =  1  yard. 
IGl  feet  =  5j  yards  =  1  rod,  or  pole,  or  perch. 
cod  feet  =  2-2o  yards  =  40  ruds^  1  furlong. 
5260  feet=  ITGo  yards  =  320  rods  =  8  furlongs  ==  1  mile  (land). 

6  feet  =1  ffrthom. 
720  feet  =  1211  fathoms  =  1  cable's  length. 
C086,37  feet  =  2028,79  yards  =  1,1527  land  miles  =  1  knot  or  sea-mile. 

SQUARE  MEASURE. 

144  square  inches  =  1  square  foot. 
100  square  feet  =  1  square. 

9  square  feet  =  1  square  yard. 
272i  square  feet  =  301  square  yards  =  1  square  rod. 
10890  square  feet  =  1210  square  yards  =  40  square  rods  =  1  rood. 
43560  square  feet  =  4840  square  yards  =  ICO  square  rods  =  4  roods  =  1  acre. 
27878400  square  feet  =  3097G00  square    yards=  102400  square  rods  =  2500  roods  = 
640  acres  =:!  square  mile. 
1  acre  =  208,71  feet  square  =  09,57  yards  square  =  220  feet  x  198  feet. 

SOLID  MEASURE. 

1728  cubic  inches  =  1  cubic  foot  =  28,3101  litres. 
27  cubic  feet=l  cubic  yard  =  704,534  litres. 
1  cubic  inch  =  0,0005787  cubic  feet  =  0,01038663  litres. 

1  litre  =  1  cubic  decimetre:=  61,0254  cubic  inches. 
1  perch  of  stonework  =  24,75  cubic  feet. 

LIQUID  MEASURE. 

(U.  S.  standard.) 

1  gill  =  7,21875  cubic  Inches. 
4  gills=l  pint  =  28,875  cubic  inches. 
8  gills  =  2  pints  =  1  quart  =  57,75  cubic  inches. 
3-^  gills  =  8  pints  =  4  quarts  =  1  gallon  =  231  cubic  inches  =  0,13368  cubic  feet. 
1  cubic  foot=  7 ,48052  gallons  (approximately  7^  gallons). 
a  gallon  of  water  weighs  =  8,33888  pounds. 
63  gallons  =  1  hogshead. 
1  gallon  =  1,405  litres. 

AVOIRDUPOIS  (COMMERCIAL)  WEIGHT. 

16  drams  =  1  ounce  (oz.). 
10  ounces  =  1  pound  (lb.). 
14  pounds  =  1  stone. 
28  pounds  =  1  quarter. 
112  pounds  =  1  hundredweight  (cwts.). 
2240  pounds  =  20  cwts.  =  l  ton  (gross  or  long). 
20t0  pounds  =  1  short  ton  (used  in  this  work). 
•27,34375  troy  grains  =  1  dram  avoirdupois. 

1  troy  pound  =  0,822857  avoirdupois  pound=12  troy  ounces  =  240  troy 
pennyweights  =  5760  troy  grains. 
1  avoirdupois  pound  =  1,215278  troy  pound. 


GENERAL   INDEX. 


ABU 

A.BUTMENT,  see  Examples;  thrust 
of  roof,  II,  164,  165;  to  arches,  I, 
163-170  ;  to  truss,  II,  16i,  165. 

Acre,  see  Table  LXII,  II,  262. 

Analysis,  see  Graphical  analysis. 

Anchors,  of  metal,  I,  128. 

Angles,  list  of  steel  and  iron.  Tables 
XXII  and  XXIII,  End  of  Volume  I ; 
plate  girder,  rivets  in,  II,  12'J-131 ; 
plate  girder,  strength  of,  Table  XLII, 
End  of  Vol.  II ;  plate  girder  value, 
II,  120  ;  to  plate  girders,  II,  114, 115. 

Anvealing  of  steel,  II,  37. 

Approximate  Formulx,  arches,  depth  of 
crown,  I,  179;  arches,  rule  for,  I, 
179;  deflection,  iron  beams  and 
girders,  1,  223,  234 ;  plate  girders,  I, 
165. 

Arch,  see  Bond,  Examples:  chapter  on, 
I,  154-179  ;  abutting  force  at  base,  I, 
75;  approximate  rule,  I,  179;  brick 
floor  arch,  I,  15S,  159  ;  curve  of  press- 
ure, I,  157 ;  depth  at  crown,  I,  179 ; 
depth  of  crown,  approximate 
formula,  I,  179  ;  fireproof  floor  arch 
I,  159-161  ;  groined  or  vaulted,  I,  179  ; 
horizontal  force  at  crown,  where 
located,  I,  75  ;  horizontal  pressure.  I, 
157  ;  how  load  acts,  1,  75  ;  inverted 
arch,  I.  89,  90, 168-170;  in  wall,  I,  161 
-167  ;  line  of  pressure,  effect  if  not 
central,  I,  77-79 ;  line  of  pressure, 
theory  of ,  1,76;  of  cambered  plank, 
I,  176;  of  Spanish  tile,  I,  176-179; 
stress  at  intrados  and  extrados,  I,  77- 
79,  158;  strain  on  edges,  formula',  I, 
78,  79;  theory  of.  I,  75-79;  three 
forces  acting  on,  1,75  ;  to  liiid  neutral 
axes,  I,  154.  155;  truss,  II,  154; 
vaulted,  I,  179;  with  abutments,  I, 
16.J-170;  with  abutting  arch,  I,  166- 
KMj  ;  what  to  avoid,  I,  125.  126. 

Area  of  any  section  fo\ind  graphically, 

I.  268.  269  ;  of  circles,  see  Tahle  LI' I, 

II.  246-256;  of  cross-section  for 
ditferent  sections.  Table  I,  I.  12-21  ; 
of  squares,  see  Table  LVI,  II,  246- 
256. 


BEA 

Asphalt,  in  machinery  foundations,  to 
avoid  vibrations,  I,  131, 132  ;  qualities 
of,  I,  132;  used  in  damp-proofing,  I, 
87-119. 

Avoirdupois,  see  Table  LXII,  II,  262. 

Axis,  see  Neutral  axis. 

jBaR  Iron,  strongest  wrought-iron,  II, 
35. 

Barrels,  thrust  on  walls.  1, 146-148. 

Base-course,  see  Examples :  over  piles, 
I,  94,  95  ;  width  of,  1,  85,  88. 

Bases,  of  columns,  II,  203.  204; 
wrought-iron  preferable,  11,  207. 

Beams,  see  Bending -moment,  Cantilever, 
Continuous  Girders,  Deflection , 
Examples,  Floors,  Gallery  Beam, 
Girders,  Inclined  Beam,  Load, 
Transverse  Strength ,  Trussed 
Beams,  Tubular  Beam  :  chapter  on, 
I,  lSO-240;  average  strain  in  flanges, 
I,  225-227,  243 ;  bending-moment. 
Table  VII,  I,  58,  59;  beudiug-mo- 
meut,  any  point,  several  loads, 
formula,  I.  53;  central  bending-mo- 
ment, centre  load,  formula,  I,  52  ; 
cential  bending-moment,  uniform 
load,  formula,  I,  52 ;  comparative 
deflection  of,  different  cross-sections, 
I,  61  ;  comparative  deflection  of,  dif- 
ferent lengths,  1,61 ;  comparative  de- 
flection of,  dillerent  lengths  and  cross- 
sections,  I,  62  ;  comparative  strength, 
dill'erent  cross-sections,  I,  60;  com- 
parative strength,  different  lengths, 
1,  60;  comparative  strength,  differ- 
ent lengths  and  cross-sections,  I,  (!1  : 
comparison  with  different  l,'/a<ls  and 
cantilever  (strength  and  stiffness,)  I, 
07;  continuous,  II,  211;  cross- 
bridging,  1, 191  ;  deflection  Table  VII, 
I,  58,  59;  doliection,  any  load, 
formula,  I,  67;  deflection,  centre 
loa<i,  formula,  I,  C6  ;  detleotion,  com- 
))arative  formula',  I,  61,  62;  deflec- 
tion, different  loads,  I,  66,  67  ;  deflec- 
tion, formula,  1, 228  ;  deflection,  iron. 
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approximate   formula^,   I,    223,   224  ;  cantilever,  uniform  load,  formula,  I, 

deflection,  not   to  crack    plaster  ,  53;  continuous  girders,  Table  XVII, 

formula,    I,    56;    deflection,    not    to  I,  218,  219  ;  defined,  I,  49  ;   graphical 

crack  piaster  (uneven  loads)  formula,  analysis   of,    I,   245,   24G  ;    graphical 

I,  57;    deflection,  point  of  greatest,  method,  formula,  1,245;  pin,  11,94- 

formula,  1,07;    deflection,  uniform  105  ;  pin,  graphically,  II,  102-104  ;  pin 

load,  formula,  I,  66  ;  effect  of  load  on,  unequally    loaded,    II,    86-88;    plate 

I,     1^2-186;     end     in     wall.    I,    125;  girder,  II,  124,  125,  132,  133 ;    point  of 

framingof,  I,  192. 193  ;  if  rectangular,  greatest,  I,  51,52  ;  rivets  and  pins,  II, 

Strength  of,  I,  194-197;  if  trussed,  I,  80-82;  rivets,  increase  modulus,  II, 

220-223;    inclined,  11,212;    inclined,  61. 

analysis  of  load,  II,  182. 183,  19i.  196  ;  Bent  strut  or  tie,  see  Curved. 

inclined,  transverse  strain  on,  II,  182,  Bessemer,    see    Table    XXIX,    End   of 

183.     195,    196;      iron,     approximate  Vol.  II ;  steel  process.  11,  20-22  ;  steel, 

deflection.  I,  223,  224;  iron,  doubled,  tests,  Table   XXXIV,  End    of    Vol. 

I,  20i>;    iron,    length    not    to   crack  II. 

plaster,    formula',    I.   224;    iron,  iJ/as?,  hot  and  cold,  II,  3,  4. 

strength  of,  as  girders.  Table  XV,  I,  Blast  furnace,  description  of.  II,  2-6. 

199;    lateral   flexure,  I,  204-L'OG ;   list  Bloom,    iron     or    steel,    Table    XXIX, 

of  steel  and  iron,  Table  XX,  End  of  End  of  Vol.  II. 

Vol.    I;     longitudinal    shearing,  i?Z?<e  ^ea^  effect  on  steel,  II,  36  ;  effect 

formula,  I,  35;  moment  of  inertia,  I,  on  wrought-iron.  II,  36. 

180-182;  most  economical,  I,  224,  237  ;  y?oj/e7'i-,  riveting,  II,  64,  ti5. 

most   economical   shape,    I,  56 ;    one  Bolt,    see    Examples,    Foot-bolt,    Pin, 

inch  thick  (uniform  load)  strength  of.  Strap;   calculated,  II,  187;  heads. 

Table  IX,  1,  63;  overhanging,  II,  211,  standard  dimensions  tor.  Table 

212  ;  rectangular,  transverse  strength,  XXXIII,  End  of  Vol  II. 

formuhe,  1,194,195;  shearing,  Table  Bond,  of  arches,  I,  125,  126;  of  brick 

VIII,  I,  58,  59;    shearing,  vertical,  facings,  1, 126  ;  use  of  bond  stones,  I, 

any  point,  formula,  I,  34  ;   steel,  use  127,  128. 

of,  I,  203,  204  ;  steel,  new  deep  beam,  Boiver-Iiarffe,  process  of,  II,  32,  33. 

II,  135;    strength,    comparative  Box  Girder,  s>-e  Plate  Girder ;  descrip- 
formuhe,   I,    CO,  62  :    strength    of  tion  of,  II,  107. 

wooden    floor.    Table    XII,    End    of  i??-aces  for  wind,  II,  173,  174. 

Vol.    I;    strength   of   wooden    one  Brass,   effect    of    different    kinds    of 

Inch    thick.    Table   VIII,    1,    62;  strains,  II,  48, 49. 

strength  of   iron  floor.  Table  XIV,  Bricks,  facings,  how   bonded,  I,  126 ; 

End  of  Volume  I;   tie-rods  to  iron  weight  of.  Table  V,  I,  45;  strength 

beams,  I,  206,  207;    to  ascertain  of,  I,  130;    strength  of,  Table  V,  I, 

amount  of  load  on,  I,  80;  to  find  re-  45. 

quired  cross-section,  I,  54  ;  with  ends  Brickwork,  how  to  use  bond  stones,  I, 

built   in,  deflection  of,   I,   57;    with  127,128;  strength  of,  I,  135. 

ends  built  in,  strength  of,  I,  57  ;  with  Bridqiny,  cross-bridging  of  beams,   I, 

overhang,  II,  86-88.  19L 

Searing , see  Compression,  fiivets :  length  Bridle  Irons,  see  Stirrup  Irons. 

.of.    for    girders,    I,    216,    217;     of  Buckling  otvi  oh,  l\.nr>. 

CDlumns,  II,  203,  204  ;  of  plate  girder,  Btitt-joint,    see    Examples,    Joint;     in 

II,  131.  riveting,  II,  63. 

Bearing  area,  see  Examples;  of  truss.  Buttressed    Wall,    average    weight, 

II,  186,  198,  199.  formula,  I,  107. 
Bending,  of  rivet,  II,  65-70  ;  on  rivets, 

pins  and  rods.  Table  XXXVIII.    End 

Bending'-nio'ment,  see  Beams,  Cantilever,  GaNNOXF,  tests.  Table  XXXIV,  End 

Centre  Load,  Concentrated  Load,  End  of  Vol.  II. 

Load,  Examples,  Load,  Pins,  Uioets,  Cantilever,    see    Beams,    Bending-mo- 

Several  Loads,  Uniform  Loads,  Uni-  ment.     Deflection,     Inclined     Btam, 

form    and    Concentrated   Loads;  Load,      Overhang,      Transverse 

amount  of  greatest,  I,  52-54 ;  beam.  Strength;     bendmg-moment.     Table 

any  point,  several  loads,  formula,  I,  VII,  I,  58,  59  ;  bending-iuoment,  any 

53;   beam,  central  on,  centre   load,  loading,    formula,  I,    51;     bending- 

formula,  I,  52  ;  beam,  central  on,  uni-  moment,   end  load,  formula,   I,  53; 

form  load,  formula,  I,  52  ;   beam  with  bending-moment,  uniform  load,   for- 
overhang,  II,  86-88  ;  beams  and  canti-        mula,  1,  53;    comparative  deflection 

levers.   Table   VII,   I,  58,  .59 ;   canti-  of,    different    cross-sections,    I.    61  ; 

lever,   any   loading,   formula,   I,   54  ;  comparative   deflection   of.   different 

cantilever,  end  load,  formula,  1,  53;  lengths,  I,  61  ;    comparative  deflec- 
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tion  of,  different  lengths  and  cross- 
sections,  1,  G2  ;  comparative  strength, 
ditterent  cross-sections,  1,  60  ;  com- 
parative strength,  different  lengths, 
I,  CO  ;  comparative  strength,  differ- 
ent lengths  and  cross-sections.  1,61  ; 
comparison  with  different  loads  and 
beams,  (strength  and  stiffness).  I,  57  ; 
deflection,  Table  Vll,  I,  5S.  59;  de- 
flection, any  load,  formula,  I.  67 ; 
deflection,  comparative  fiainuhi\  1, 
61.  G2;  deflection,  different  loads, 
I,  66,  67;  deflection,  end  load,  for- 
mula, I,  66  ;  deflection,  not  to  crack 
plaster,  formula,  I,  57;  deflection, 
uniform  load,  formula,  I,  66 ;  longi- 
tudinal shearing,  formula,  I,  35 ; 
rectangular,  transverse  strength,  fi>r- 
muhe,   I,   195  ;    shearing.  Table  VII, 

I,  58,  59;  shearing,  vertical,  any 
point,  formula,  I,  35  ;  strength,  com- 
parative formuhe.  I,  60,  62  ,  to  find 
required  cross-section,  1,  54. 

Caps  of  columns,  II,  203. 

Carbon,  in  metal,  tests,  Table  XXXIV, 
End  of  Vol.  II. 

Case  hardened  iron,  classified.  Table 
XXIX,  End  of  Vol.11. 

Case  hardening  of  wrought-iron,  II,  30, 
31. 

Cast-iron,  see  Core,  Flask,  Iron,  MalJe- 
able  Iron,  Moulds;  analysis  of  quali- 
ties, II,  8;  avoid  bases  of,  II,  207; 
avoid  sharp  angles,  II,  12;  big  cast- 
ing bad.  II,  11  ;  cheap  castings.  II,  9  ; 
classification  of,  11,25-27;  classified. 
Table  XXIX,  End  of  Vol.  II;  col- 
umns, circular,  strength  of.  Tables 
XLV  to  XLVllI,  II,  213-216;  column, 
hollow,  example,  II.  205,  200;  con- 
traction from  strain,  II,  43-15; 
danger  of  sudden  cooling,  II,  11  ; 
densities  and  weights  of,  II,  8; 
dressed  and  undressed,  tests.  Table 
XXXIV,  End  of  Vol.  II ;  ductility  of. 

II,  41  ;  economical  castings,  II,  10  ; 
economical  designing,  II,  .50-54; 
effect  of  different  kinds  of  strains.  11, 
4H.  49;  elasticity  of,  11,41-16  ;  exten- 
sion from  strain,  II,  43-45;  how 
tested.  II,  39;  inspection  of,  II,  10; 
malleable,  II.  18;  malleable,  tests. 
Table  XXXIV,  End  of  Vol.  II; 
manufacture  of,  IT,  9-12  ;  nature  and 
use  of,  chapter  on,  II,  1-55;  nature 
due  to  carbon,  II.  1  ;  pijies,  how 
tarre<1.  II,  32  ;  produced  from  pig,  II, 
9;  ri-inelting,  defect  of,  II,  &i,  34; 
resumti  of  qualities,  II,  27;  sliaiies 
for  colmims,  II,  202,  203;  shrinkage 
of,  11.  12;  ekin  of,  II,  10,  11  ;  skin 
protects  from  rust.  II.  31  ;  stronger  if 
thin,  II,  11  ;  Buperfeded  by  wrought, 
II,  18«;  testing  of,  11.39  42;  te.«ls, 
Table  XXXIV.  End  of  Vol.  II; 
thlcknesB,  detect  of,  II,  34,  ."W  ;  thick- 
nesf  even,  11,  10;    thickness  lor 
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columns,  IT,  50,  51  ;   to  prevent  un- 
equal shrinkage,  II,  11. 
Cast  steel,  see  i>teel ;    classified.  Table 
XXIX.    End  of  Vol.  11  ;   description 
of,  II    12  ;    should  be  annealed,   II, 
12;    tests.   Table   XXXIV,   End    of 
Vol.  II. 
Cellars,  damp-proofing  of,  T,  87.  119. 
Cellar  wails,  see  Kjamples,   Underpin- 
ning;    and  retaining  walls,  chapter 
on, "I,  96-116;   line  of  pres^sure,  aiilh- 
metical  theory  of,  I,  98-l(i4;   line  of 
pressure,   graphical   method,   1,   104- 
107;    pressure    against,    formulie,    1, 
101. 
Cement,  see  Mortar:   how   stains 
avoided,  I,   122;    of    iron,    II,  33; 
strength  of.  Tables  IV  and  V,  I,  42, 
45  ;  weight  of,  I,  42,  45. 
Centimetres,  Table  LIX,  II.  260. 
Centre   load  (beam),  see   Table    VIT,  I, 
59  ;   see  also,  II,  182,  195  ;   see  Exam- 
ples, I,  196,  207,  213,  252  :  compared  to 
other  loads,  1,57,  63  ;  arithmetically, 
reactions,    1,  48,   51;    arithmetically, 
point    of    greatest    bending-moment, 
1,51,  52,  59;    arithmetically,  amount 
of    greatest    bending-moment,   I,   ,52, 
59  ;  arithmetically,  required  moment 
of   resistance    at    point    of    greatest 
bending-moment,  1,  5n,  54  ;  arithmet- 
ically, bending-moment  and  required 
moment  of  resistance  at  any  point,  I, 
50,    54,  59;    arithmetically,    greatest 
deflection,  I,  56,  57,  59,  66," 224  ;  arith- 
metically,shearing,  1,33-35,59;  arith- 
metically, strength  of,  1, 194  ;  graphi- 
cally, reactions,  I,  245;   graphically, 
point  of  greatest  bending-moment,  I, 
243;  graphically,  amount  of  greatest 
bending-momeiit,  I,  245  ;  graphically, 
required    moment    of    resistance    at 
point  of  greatest  bending-moment.  I, 
243.    244;      graphically,     bending- 
moment    and    required    moment    <  f 
resistaure  at  any  point.  I,  24M,  244  ; 
graphically,    greatest     deflection,    I, 
24(;-2l8 ;     grai)hically,    shearing,    1, 
246. 
Chain  riveting,  IT,  62. 
Channels,  list  of  steel  and  iron.  Table 
XXI,    End   of   Vol.  I:    test.s.  Table 
XXXIV,Endof  V(d.  II. 
Chimney,    see     Examples;     flue    area, 
formula,  I,  138;  bow  to  build  top,  1, 
110;  size  of  flue,  1,  1.38;  smoke'flue^. 
I,   119,   120;    strength  of,  1.  134-141; 
strength  of,  formuhe.    I,    134;    wind 
pressure  on,  I,  HH-Lld. 
Chords,  average  strain,  formula',  I,  225 

-227. 
Circles,  area  of.  sfe  Table  LVI,  IT,  246 
-2.'6  :  circumfereuce  of,  see  Table 
AT/,  11.246-2.^)6. 
C(;rH/a7' cast-iron  columns,  strength  of, 
Tables  XLV  to  XLVIU,  II,  2l:i  216  ; 
surface,  wind,  effect  on,  II,  177,  178. 
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Circumference oi  circles,  see  Table  L  VI, 

II.  246-250. 
Clapp-Oripiths  steel  process,  IT,  23. 
Classincatinn  of  iron  and  steels.  Table 

XX iX,  End  of  Vol.  II. 
Clay,  safe  compression  on,  Table  V,  I, 

45  ;  weigbt  of,  Table  V.  I,  45. 
Coal,  weight  of.  Table  VI,  I,  46. 
Cold  rolling,  effect  of,  II,  36. 
Column,  see  Compression,  Core,  Exam- 
ples ;  chapter  on,  II,  200-212  ;  bearing 
of,  II,  203,  204  ;  brackets,  design  ot, 
II,  203;  caps  and  bases,  II,  203,  204  ; 
cast-iron,  hollow,  example,  II,  205, 
206  ;  cast-iron,  shapes  of,  II,  202,  203  ; 
cast-iron,  shonld  be  drilled,  II,  202; 
comparative  formula*,  I,  65;  curved, 
11,160-104;  curved  example,  11.162, 
163;  example  (Table  XLIX),  II,  209, 
210  ;  long,  formula,  I,  24  ;  Ph(pnix,  II, 
210,  211  ;  Pha'nix,  properties  of. 
Table  L,  II,  218;  planing  end,  II,  202  ; 
jirojections,  design  of,  II,  203;  rec- 
tangular wrought-ir  o  n  ,  not  to 
wrinkle,  I,  25-27  ;  short,  formula,  I, 
22 ;  strength  of  cast-iron  circular. 
Tables  XLV  to  XLVIII,  11,213-216; 
strength  of  different  cross-sections,  I, 
65;  strength  of  different  lengths,  I, 
C4  ;  thickness  for  cast-iron,  II,  50,  51  ; 
to  find  radius  of  gyration,  11,200;  to 
prevent  water  freezing  in,  II,  202; 
turning  end,  II.  202  ;  value  of  differ- 
ent bearings,  II,  202  ;  with  continuous 
girder,  11,  211;  with  overhanging 
beam,  II,  211,  212;  wrouglit-iron 
(Table  XLIX),  II,  208-210;  wrought- 
iron,  safe  loads  on.  Table  XLIX,  II, 
217;  wrought-iron,  shapes,  II,  206- 
209;  why  smooth  end  stronger,  II, 
201,  202  ;  zee  bars,  II,  207-209. 
Commercial  weight,  see  Table  LXIl,  II, 

262. 
Comparative  formulse,  I,  60-62,  65. 
Compression,  see  Bearing,  Column, 
Curved,  Examples,  Hft-ut;  curved 
strut,  example,  II,  102, 103  ;  example. 
Table  XLIX,  II,  209,  210;  formula, 
sliort  columns,  I,  22;  in  curved 
member,  II,  160-164;  in  riveting,  II, 
65-70  ;  large  block,  nature  of,  II,  183, 
184  ;  long  columns,  formula,  I,  24  ; 
raetals,  recent  tests,  Table  XXXIV, 
End  of  Vol.  ir  ;  of  rivets,  II,  65-70; 
on  rafter,  II,  196  ;  on  rivets  and  pins, 
II,  81,  82  ;  pins,  iron  and  steel,  Tables 
XXXV  to  XXXVII,  End  of  Vol.  II  ; 
rivets,  iron  and  steel.  Table  XXXV, 
End  of  Vol.  II ;  safe,  on  cast-iron, 
circular  columns.  Tables  XLV  to 
XLVIII,  II,  213-216;  safe,  on  clay, 
earth,  gravel,  loam,  sand.  Table  V,  I, 
45;  short  columns,  formula,  I,  22; 
wrought-iron  columns,  safe  loads  on, 
Table  XLIX,  II,  21T. 
Conc(  nfi-'iteil  Load,  not  central.  Beam 
and  Cantilever,  see  Table   f  II,l,  58, 
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59  ;  see  also,  II,  87,  88,  182,  195,  212  ; 
see  Examples,  1,  196,  249;  arithmeti- 
cally,   reactions,    beam,    I,    47,    51  ; 
arithmetically,  reactions,  cantilever 
(equals  load)  ;    arithmetically,  point 
of  greatest  bending-moment,  beam,  I, 
51,  52,  59;    arithmetically,   point   of 
greatest  bending-moment,  cantilever, 
I,  51,  52,  58;  arithmetically,  amount 
of  greatest  bending-moment,  beam,  I, 
52,59;    arithmetically,   amount    of 
greatest  bending-moment,  cantilever, 
I,  54,  58;   arithmetically,  required 
moment  of  resistance  at  point  of  great- 
est bending-moment,  beam,  I,  50,  54  ; 
arithmetically,  required   moment  of 
resistance  at  point  of  greatest  bend- 
ing-moment,   cantilever,    I,    50,    54; 
arithmetically,  bending-moment  and 
required  moment  of  resistance  at  any 
point,  beam,  I,  50,  54,59;  arithmeti- 
cally, bending-moment  and  required 
moment  of  resistance  at  any  point, 
cantilever,  I,  50,  54,  58;    arithmeti- 
cally, greatest  deflection,  beam,  I,  56, 
59,  67;  arithmetically,  greatest  deflec- 
tion, cantilever,  I,  57,  58,  67;    arith- 
metically,  shearing,   beam,  I,   33-35, 
59 ;    arithmetically,   shearing,   canti- 
lever, I,  35,  58;    arithmetically, 
strength  ot  beam,  I,  195;  arithmeti- 
cally, strength  of  cantilever,  I,  195; 
graphically,   beam    (cantilever    simi. 
lar),    reactions,  I,  245;    graphically, 
beam    (cantilever   similar),  point  of 
greatest    bending-monieut,  I,   243; 
graphically,  beam  (cantilever  similar), 
amount  of  greatest  bending-moment, 
1,  245  ;  graphically,  beam  (cantilever 
similar),  required  moment  of  resist- 
ance at  point  of  greatest  bending-mo- 
ment, I,  243,  244  ,  grapliically,  beam 
(cantilever  similar),  bending-moment 
and  required  moment  of  resistance  at 
any  point,  I,  243,  244;    graphically, 
beam  (cantilever  similar),  greatest  de- 
flection, 1,246-248  ;  graphically,  beam 
(cantilever  similar),  shearing,  I,  246. 
Concrete,    see     Cement:     strength    of, 
Table  V,  1,  45;   weight  of,  Table  V, 
1,45. 
Contents,  table  of,  Beginning  of  Vols. 

I  and  II. 
Continuous  airders,  II,  211  ;    bending- 
moment,   Table   XVII,    I,    218,  219; 
deflection.  Table  XVII,  I,  218,  219; 
explained.   I,  217-222;    reactions. 
Table  XVII,  I,  218,  219. 
Contraction,  cast-iron  under  strain,  II, 
43-45  ;  due  to  strain,  I,  227-237  ;  from 
strain,    formula,   I,  22";    guarded 
against,    if    rollers    used,    II,    199; 
metals,  recent  tests.  Table  XXXIV, 
End  of  Vol.  II ;  of  materials,  I,  67-69  ; 
wrought-iron  under  strain,  II,  43^5. 
Copper,    effect   of   different    kinds   of 
strains,  II,  48,49. 
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Corhel,  see  Examples;  strength  of,  I, 

15U-153. 
Core,   supported   by    chaplets,  II,  10; 

used  ill  casting;,  II,  9,  10. 
Cosecant,  natural,  Table  LI.  II,  219,  220. 
Cosine,  natural.  Table  LI,  II,  219.  220. 
CotdngenI,  uatural,   Table  LI,  II,  219, 

220. 
Cover  plate,  see  Joint ;  in  riveting,  II, 

63,  64. 
Cocersine,  uatural.  Table  LI,  II,  219, 

2J0. 
Cracks,  see  Plastering,  Timber,   Wood; 

in  wood,  I,  187-189. 
Cross-bridging,  explained,  I,  191. 
Cross-section,  sir  E.icimpU's,  Sections; 

area  of,  for  ditfereiit  sections.  Table 

I,  I,  12-21  ;  to  find  required,  of  beam 

or  cantilever,  I,  54. 
Cross  shearing,  graphical  analysis  of,  I, 

246. 
Crucible,   see    Table   XXIX,    End   of 

Vol.  II  ;  description,  II,  2,  3;  steel, 

tests.  Table  XXXIV,  End  of  Vol.  11. 
Cnbr  roots,  Table  LI  V,  II,  228-242. 
Cubes.  Table  LIV,  II,  228-242. 
Curved,  see  Examples;  strut,  II,  IGO- 

164;  tie,  II,  160-lb4. 
Cwls.,  see  Table  LXII,  II,  262  ;  reduced 

to  kilograms,  Table  LXI,  II,  261. 


Damp-proofing  of  waiis  and 

cellars,  1,  87,  119. 

«eTO//of  wood,  I,  190,  191. 

Decimal,  of  inch,  expressed  in  common 
fraction,  Table  LVII,  11,  257  ;  parts 
of  foot  per  1-64  inch,  Table  LVIII, 
H,'.;58,  259. 

Decimetres,  see  Table  LXII,  II,  262; 
T«bleLIX,II,2C0. 

Dfck  beams,  list  of  steel  and  iron, 
THbl.'XXV,Eiidof  Vol.  1. 

De  fleet  ion.  see  Heams,  Cantilever,  Centre 
tiiail , Concentrated  load.  End  load. 
Examples,  Load,  Plate girdir, Several 
loails,  i'nij'orm  and  conri-ntrati  d 
loads,  Uniform  laad ;  approximate 
rules  for  iron  beams  and  girders,  I, 
223,224;  beam,  any  load,  formula,  I, 
67  ;  beam,  centre  loa<i,  formula.  I,  66  ; 
beam,  comparative  formuhe,  I,  61.  62  ; 
beam,  formula,  I,  228  ;  beam,  load  at 
any  joint,  1,  67;  beam,  not  to  crHck 
jilastcr,  formula,  1,  56;  beam,  point 
of  greatest,  formula,  I,  67;  beam, 
(uneven  loads)  not  to  crack  plaster, 
formula,  1,  .57;  beam,  uniform  load, 
formula,  1,  6fi;  cantilever,  any  load, 
formula,  I,  (J7  ;  cantili-ver,  coinpjira- 
tive  formuhi',  I,  fil,  62;  cantili-ver. 
<'iid  load,  formula,  I,  66;  cantili'Vcr, 
load  at  any  point,  I,  67;  cantilever, 
load  at  free  end,  1 ,  66  ;  cantiievej-,  not 
to  crack  pla^ti-r,  formula,  I,  56; 
cuDtilever,  uuilorm  load,  formula,  1, 
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66;  comp|arison  of  beams  and  canti- 
levers with  ditlerent  loads,  1,  57; 
continuous  girders,  Table  XVII,  I, 
218,  219;  due  to  strain,  I,  228-237; 
graphical  analysis  of,  I,  246-249; 
graphical  method,  forinuhe,  1,  248; 
iron  beams  and  girders,  approximate 
formulaj,  I,  223,  224;  iron  beams  and 
girders,  not  to  crack  plastering,  I, 
224  ;  not  to  crack  plastering,  I,  56,  57  ; 
of  trussed  beams  or  girders,  I,  225,  231 
-237  ;  on  beams  and  cantilevers, 
Table  VII,  I,  58,  59;  plate  girder. 
Table  XLl,  End  of  Vol.  II;  plate 
girder,  11,  117 ;  plate  girder  with, 
diminishing  flange,  1,  229-231  ;  plate 
girder,  arithmetically,  II,  132  ;  plate 
girder,  by  table,  II,  132  ;  plate  girder, 
formula',  I,  2V8,  229  ;  plate  girder, 
graphically,  II,  131,  132  ;  plate  girder, 
not  to  crack  plaster,  formula,  I,  230; 
truss,  formuhe,  I,  228,  229  ;  truss,  not 
to  crack  plaster,  lorniula,  1,  230; 
when  to  be  overlooked  (also  Table 
VIII),  I,  47,  62;  when  to  calculate. 
Table  IX,  I,  63;  when  to  calculate 
for,  in  woodeu  beams.  Table  VIII,  I, 
62. 

Dekametres,  Table  LIX,  II,  260. 

Designing  pin  joint,  li,  83-105. 

Diayram,  see  Graphical  an  all/ sis, 
Strain  diagram. 

Distance  of  extreme  fibres  from  neutral 
axis,  for  ditlerent  sections.  Table  I,  I, 
12-21;  of  ■neutral  axis  from  extreme 
fibres,  for  different  sections,  Table  I, 
1,  12-21. 

Dome,  see  Examples  ;  calculation  of,  I, 
170-176  ;  metal  bands,  formula,  I,  174. 

Drainage  of  soils,  I,  87. 

Dram,  see  Table  LXII,  II,  262. 

Drilling,  east-iron  columns,  11,  202  ;  for 
rivets,  11,58,  59. 

Durtililij,  in  wrought-iron,  cast-iron 
and  steel,  II,  41. 

Dynamic,  see  impact. 


M/ AliTH, Siife  compression  on.  Table  V, 

I,  45  ;  weight  of.  Table  V,  I,  45. 
Eroniimiral,  see   Heams,    Cast-iron , 

Examples;  cast-iron  column  section, 

I I,  2116  ;  designing  cast-iron,  wrought- 
iron  and  steel,  II,. 50-54. 

ElaKliciti/,  in  wrougbl-iron,  cast-iron 
and  steel,  11,41-46  ;  modulus  for  plate 
girders,  H,  117;  of  metals,  tests, 
Table  XXXIV,  Kiid  of  Vol.  II. 

Elastic  limit,  nictals,  recent  tests, 
Table  XXXIV,  End  of  Vol.  H. 

Eli-flrii-plaling,  process  ol,  II,  32. 

EliiiKiatinn,  see  JCxpaiision  ;  metals, 
re.-ent  tests.  Table  XXXI V,  End  of 
\ol.  II. 

Enil  Load  {cantilever),  see  Table  J'lf, 
I,  58;    see  also,  11,  87,  88,  212;  see 


2G8 


SAFE   BUILDING. 


ENG 

Examples,  I,  196 ;  compared  to  other 
loads,  1,57,  G3  ;  arithmetically,  reac- 
tion (e(iuals  load);  aritlnnetically, 
point  of  greatest  beridiiig-raoment, 
I,  51,  52,  58;  arithmetically, 
amount  of  greatest  bending-moment, 
I,  53,  58 ;  arithmetically,  required 
moment  of  resistance  at  point  of 
greatest  bending-moment,  I,  50,  54; 
arithmetically,  bending-moment  and 
required  moment  of  resistance  at  any 
point,  I,  50,  54,  58;  arithmetically, 
greatest  deflection,  1, 57,  58,  G6  ;  arith- 
metically, shearing,  1,  35,  58;  arith- 
metically, strength  of,  I,  195  ;  graphi- 
cally, point  of  greatest  bending- 
moment,  1,243;  graphically,  amount 
of  greatest  bending-moment,  I,  245 ; 
graphically,  required  moment  of 
resistance  at  point  of  greatest  bend- 
ing-moment, I,  243,  244  ;  graphically, 
bending-moment  and  required 
moment  of  resistance  at  any  point,  I, 
243,  244  ;  grajihically,  greatest  deflec- 
tion, 1,  24G-24S  ;  graphically,  shearing, 
1,  24G. 

English  inch  reduced  to  millimetres, 
Table  LX,  II,  201 ;  (U.  S.)  measures 
and  weights.  Table  LXII,  II,  2G2 ; 
■weights,  reduced  to  kilograms.  Table 
LXl,  11,201. 

Examples,  abutment,  thrust  on,  of 
arch,  I,  1G4  ;  arch  abutting  on  pier,  I, 
166;  arch,  four  inch  rowlock  in  floor, 
I,  158;  arch,  hollow  fireproof  floor 
arch,  I,  159;  arch,  in  wall  carrying 
piers,  1,  161  ;  arch,  Spanish  floor  arch, 
1, 177  ;  arch,  tie-rod  in  place  of  abut- 
ment, I,  105;  arch  to  opening  in  wall, 
1,150;  arch  with  abutment,  in  fence 
or  bridge  wall,  I,  163;  base-course, 
size  of,  I,  85;  beam,  comparative 
deflection,  I,  61 ;  beam,  comparative 
strength,  I,  60  ;  beam,  most  economi- 
cal, I,  63  ;  beam,  shearing,  any  point, 
I,  34;  beam,  shearing  at  support,  I, 
33;  beam,  to  resist  rupture,  1,55; 
bearing  area,  II,  198,  199;  bearing 
area  of  truss,  II,  186;  bending- 
moment,  amount  of  greatest,  aritli- 
metically,  I,  55 ;  bending-moment, 
amount  of  gr'eatest,  graphically,  I, 
250;  bending-iiKiment,  point  of  great- 
est, arithnictieally,  I,  55;  bending- 
moment,  point  of,  graphically,  I,  249  ; 
bolts  in  strap,  II,  187 ;  cellar  wall, 
deeper  than  adjoining  building,  I, 
110;  cellar  wall,  to  resist  earth 
pressure,  I,  108;  centre  load  (beam), 
I,  196,  207,  213,  252;  centre  load  on 
wooden  girder  calculated  graphically, 
I,  252;  chimney,  size  of  flue,  I,  138; 
chimney,  thickness  of  wall,  I,  138  ; 
colunui,  (Table  XLIX).  II,  209,  210; 
compression..  (Table  XLIX),  II,  209, 
210;  compression  on  rafter,  II,  196; 
compression,  short  block,  I,  22  ;  con- 
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centrated  load,  not  central  (beam  and 
cantilever),  I,  196,  249;  concentrated 
Iliad  on  wooden  girder,  calculated 
graphically,  1,  249 ;  corbel  of  stone, 
strength  of,  I,  157 ;  cross-section, 
required  of  beam,  1, 56  ;  curved  strut, 
II,  162,  163;  curved  tie,  II,  103,  104; 
deflection,  corapai'ative,  of  beams,  I, 
Gl  ;  deflection  of  trussed  wooden 
beam,  I,  236;  detailing  plate  girder, 
II,  120-135;  dome,  calculation  of,  I, 
170;  dome,  metal  bands,  1, 174  ;  dome, 
size  of  dowels,  1,  174;  economical 
beam,  I,  63;  end  load,  cantilever,  I, 
190;  expansion,  iron,  I,  67;  expan- 
sion, stone  coping,  1,69;  flitch  plate 
girder,  I,  207;  flue,  size  of,  I,  138; 
foundations,  size  of  base-courses,  I, 
85  ;  girder,  bearing,  I,  216;  hollow  cast- 
iron  colunni,  II,  205,  206;  how  to  use 
Table  XII,  1, 197  ;  how  to  use  Table 
XIII,  1, 198;  how  to  nse  Table  XIV, 

I,  202  ;  how  to  use  Table  XV,  I,  203  ; 
how  to  use  Table  XVI,  I,  206  ;  how  to 
use  Tables  XIX-XXV,  I,  237  :  how  to 
use  Table  XXXII,  II,  48;  how  to  use 
Tables  XXXV-XL,  II.  80-83,  90.  93, 
94  ;  how  to  use  Tables  XLI-XLI 1 1,11, 
118-120 ;  how  to  use  Tables  XLV- 
XLVIII,  II,  205,  206;  how  to  use 
Table  XLIX,  II,  209,  210;  inverted 
arch,  size  of  skew-back,  I,  89 ;  in- 
verted arch,  strength  of,  1,  168; 
inverted  arch,  thrust  on  end  pier,  I, 
169;  iron,  expansion,  I,  67;  iron 
rafter,  II,  195-197  ;  iron  strut,  II,  191 
-193;  iron  truss,  II,  188-199;  joint 
(pin)  calculation  of,  II,  89-104  ;  keyed 
girder,  I,  213;  lateral  flexure,  I,  28; 
loads  on  floors,  girders,  columns  and 
walls,  I,  79-82;  moment  of  inertia  of 
cross-section,  arithmetically,  I,.  10; 
moment  of  inertia  of  cross-section, 
graphically,  1,268;  neutral  axis  of 
cross-section,  arithmetically,  I,  8 ; 
neutral  axis  of  cross-section,  graphi- 
cally, I,  268 ;  pier,  safe  load  on,  I,  24  ; 
pier  with  abutting  arches,  I,  166; 
piles  as  short  columns,  I,  91  ;  piles, 
safe  load  on,  I,  93  ;  pins,  calculation 
of,  II,  193-197;  plate  girder,  II,  119, 
120  ;  reactions,  amount  of,  arithmeti- 
cally, 1,  48.  55;  reinforce  plate,  II, 
190-198;  reservoir  wall,  I,  115; 
riveted  butt  joint,  double  plate,  II, 
76-78  ;  riveted  butt  joint,  single  plate, 

II,  73-76;  riveted  lap  joint,  II,  70-73; 
rivets  in  reinforce  plates,  II,  196-198; 
rivets  in  struts,  II,  192,  193;  rivets,, 
shearing  on,  1,  32;  rollers,  II,  199; 
roof  truss,  II.  141-162;  rupture,  size 
of  beam  to  resist,  I,  55 ;  safe  loads  on 
same  timber  with  different  manners 
of  loading,  1, 195  ;  several  loads  (beam 
and  cantilever).  I,  48,  55,  255,  257 ; 
several  loads  (two  on  wooden  girder), 
calculated  graphically,  I,  255 ;  several 
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loads  (five)  on  wooden  girder,  calcu- 
lated graphically,  I,  257  ;  shearing  on 
rivet,  I,  32;  shearing  on  wooden 
beam  any  point,  1,  34  ;  shearing  on 
wooden  beam  at  support,  1,33;  shoe 
plate,  11,  198;  stirrup  iron,  1,  194; 
stone,  expansion,  1,  69  ;  stone  steeple, 
wind,  11, 176, 177  ;  strap  at  foot  of  truss, 
II,  lt!6,  187  ;  strength,  comparative,  of 
beams,  1.  60  ;  table  of  strains,  II,  190  ; 
tension,  1,30;  tie-beam,  II,  183;  tie- 
rod,  II,  184, 185. 191  ;  transverse  strain 
on  rafter,  II,  195,  196;  truss,  II,  141- 
162 ;  trussed  beam  of  wood,  calcula- 
tion of,  I,  231 ;  trussed  beam  of  wood, 
deflection  of,  I,  236;  uniform  and 
concentrated  load  (beam  and  canti- 
lever), I,  237,  204;  II,  119-135;  uni- 
form and  concentrated  load  on  iron 
beam,  calculated  graphically,  I,  264  ; 
uniform  load  (beam  and  cantilever), 
I,  33,  34,  36,  63,  196-203,  262  ;  uniform 
load  on  iron  beam,  calculated  graphi- 
cally, 1,262;  wall,  thrust  against,  of 
barrels.  1,  147  ;  wall  to  country  house 
of  brick,  I,  143;  wall  to  stage  pit,  I, 
112;  wall  to  warehouses  of  brick,  1, 
144 ;  walls  and  piers  of  rubble 
masonry,  I,  135;  washers,  II,  185; 
wind  pressure,  II,  189-191  ;  wind 
pressure  on  chimney,  I,  149  ;  wooden 
rafter,  II.  180,  182;  wooden  steeple, 
wind,  11,  176,  177;  wooden  strut.  11, 
183,  1S4;  wooden  truss,  II,  179-187; 
wrinkling,  box  girder  flange,  I,  27 ; 
wrought  iron,  compression,  II,  209, 
210. 

Expansion,  see  Elongation,  Examples; 
due  to  strain,  1.  227-237  ;  from  strain, 
formula.  I,  227;  guarded  against,  if 
rollers  used,  II,  199  ;  of  materials,  I, 
67-69. 

Extension,  cast-iron  under  strain,  II,  43 
-45  ;  wrought-irou  under  strain,  43- 
45. 

Extreme  fibres,  distance  from  neutral 
axis,  for  different  sections.  Table  I, 
I,  12-21  :  strain  on,  with  transverse 
strains,  I,  49-51. 

Eye-bar,  arrangement  on  pin,  II,  85- 
105  ;  standard  sizes,  11,  53,  54  ;  thick- 
ness of  head,  II,  89-91. 


FaCTOH-OF-SAFETY,  for  iron  and 
steel,  II,  1. 

/''a<i</«e,  explained,  T,  83  ;  11,40,47. 

Feet,  expressed  in  metres,  Table  LIX, 
II,  260. 

Fil/rca,  see  Extreme  fibres.  Transverse 
stringlh. 

Flanqe,  plate  girder,  average  fibre 
stress,  II,  134;  jdate  girder,  lateral 
flexure,  II,  l.'«,  l.'U ;  plat.-  girder, 
rivets  in,  II,  125,  126;  plate  gird.r, 
bpliciug    of,    n,    127  ;     plate    girder, 
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strength  of.  Table  XLIII,  End  of 
Vol.  II  ;  plate  girder,  thickness,  II, 
125  ;  plate  girder,  value,  II,  120  ;  plate 
girder,  where  diminish  thickness,  II, 
125;  plate  girder,  wrinkling,  II,  135; 
reduction  of,  see  Plate  girder;  rivets, 
plate  girder,  II,  109  ;  splicing  <>f ,  plate 
girder,  II,  113,  114  ;  strain,  plate  gird- 
er, II,  108. 

Flask,  used  in  casting,  II,  9,  10. 

Flexure,  see  Lateral  flexure . 

Flitch-plate  girder,  see  Examples  ;  cal- 
culation of,  I,  207-211. 

Floor  beams  and  girders,  chapter  on,  I, 
180-240. 

Floors,  weak  floors  how  stiffened,  1, 191, 
192. 

Flue,  see  Examples :  chimney,  area  re- 
quired, formula,  I,  138. 

Flux,  used  in  smelting,  II,  5. 

Foot,  see  Shoe;  see  also.  Table  LXII, 
II,  262;  decimal  of  each  1-64  inch. 
Table  LVUl,  II,  2,58,  259;  of  truss, 
designed,  11,  186,  187. 

Foot-holt  of  truss,  necessity  for,  II,  186. 

Forging,  see  Welding. 

Formula,  see  List  of  formulas.  I.  ix-xiil 
and  II,  xiii,  xiv  ;  fundamental,  I,  21 ; 
meaning  of  letters,  1,  5,  6. 

Foundations,  see  Examples,  Cellar 
walls,  lietainin  g  walls.  Walls, 
chapter  on,  I,  85-95;  for  machinery 
to  avoid  vibrations,  I,  131,  132;  sand, 
gravel  and  clay,  I,  87,  91. 

Fraction  of  inch,  expressed  in  decimals, 
Table  LYII,  II,  257. 

Freezing,  to  prevent,  in  columns,  II, 
202. 

Friction,  angle  of,  in  soils.  Table  X,  I, 
99  ;  of  riveted  plates,  11,  64. 

Frost,  action  of  on  foundations,  T,  95 ; 
if  wall  frozen,  I,  119  ;  shape  of  wall  to 
resist,  I,  108. 

Furlong,  see  Table  LXII,  II,  262. 

Furring  of  walls,  I,  120. 


(xALLERY beam,  see  Beams,  Inclined 
beam,  11,211,212. 

Gallon,  see  Table  LXII,  II,  262. 

Galviiuizing,  process  <if.  11,  32. 

Gill,  sre  Table  LXII,  II,  2(i2. 

Girders,  see  Beams,  Continuous  girder. 
Examples,  Elite  h-plate  girder. 
Floors,  Inclined  beam.  Keyed  girder, 
Plate  girder.  Trussed  beams ;  and 
floor  beams,  chapter  on,  I,  180-240; 
c<nitinuous,  1,217-222  ;  11,211;  deflec- 
tion, iron,  iipproximate  furniula',  I, 
223,  224  ;  inclined,  1 1 ,  212  ;  iri>n  beams, 
strength  of.  Table  XV,  I,  199;  iron, 
leii;;th  not  to  crack  plaster,  formula', 
1,224;  length  of  bearing,  1,216,217; 
overhangiiiu.  11.211.212;  strength  of 
wooden,  Tal)le  XI II.  Knd  of  Vol.  I  ; 
to  ascertain  amount  of  load  on,  1,  81^ 
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82;  trussed,  I,  220-223;  with  flitch 
plate,  1,  207-211 ;  with  keyed  blocks, 
1,211-216. 

Glass,  strength  of.  Table  IV,  II,  42  ; 
weight  of,  Table  IV,  I,  42. 

Grain,  see  Table  LXII,  II,  262, 

Graphical  analysis,  basis  of  method,  I, 
242  ;  bending  nionieut,  I,  245,  24C ; 
cross-shearing,  I,  240  ;  deflection, 
amount  of,  I,  248,  249  ;  deflection 
diagram,  I,  24G-248  ;  distance  of  pole, 
1,243;  how  to  read  around  joints,  1, 
70,  71 ;  moment  of  resistance,  1,  245  ; 
notation,  1,69-71;  of  transverse 
strains,  chapter  on,  I,  241-271  ;  re- 
actions, 1, 245  ;  reduction  of  flanges  of 
plate  girders,  I,  269-271  ;  simple  roof 
truss,  I,  72-74 ;  strain  diagram,  I, 
245  ;  to  find  area  of  section,  I,  268, 
269 ;  to  find  moment  of  inertia  of 
section,  I,  267-269 ;  to  find  neutral 
axis  of  section,  I,  266,  269. 

Graphical  method,  bending-moment, 
formula,  I,  245  ;  deflection,  formuhe, 
I,  248  ;  for  pins,  II,  102-104  ;  moment 
of  resistance,  formula,  I,  245 ;  plate 
girder,  flange  thickness,  formula  I, 
270;  plate  girder,  value  angle  irons, 
formula,  I,  270;  shearing  across, 
formula,  I,  246  ;  trusses,  II,  136-178. 

Gravel,  safe  compression  on.  Table  V, 
I,  45  ;  weight  of,  Table  V,  I,  45. 

Greatest  bending-momeiit,  see  Bending- 
moment. 

Groined  arch,  how  calculated,  1, 179. 

Gyration,  see  Square  of  radius  of  gyra- 
tion. 


Hal  VTXG  timber,  II,  185. 

Hammer-beam  truss,  II,  160. 

Hardening  of  steel,  II,  19. 

Heada  for  bolts,  standard  dimensions, 
Table  XXXIII,  End  of  Vol.  1 1. 

Hearth,  description  <>f  (steel)  II,  2,  3. 

Hektometres,  Table  LIX,  II,  200. 

Hematite,  iron  ore,  II,  2. 

Hogshead,  see  Table  LXII,  II,  262. 

Horizontal  flange  strain,  plate  girders, 
II,  108  ;  tension,  roof,  II,  165  ;  thrust, 
inclined  beam,  II,  212;  thrust,  roof, 
II,  165. 

Hoioe  truss,  II,  152. 

How  to  use  tables,  see  Examples,  List  ; 
Table  I,  I,  11  ;  Table  II,  I,  23-25 ; 
Table  III,  I,  25,  26  :  Tables  IV  and  V, 
I,  46  ;  Tables  VIII  and  IX,  I,  62,  63  ; 
Table  XII,  I,  197, 199  ;  Table  XIII,  I, 
197-201;  Table  XIV,  I,  201-203; 
Table  XV,  I,  201,  203  ;  Table  XVI,  I, 
206;  Table  XVII,  I,  222;  Table 
XVIII,  I,  222,  223  ;  Table  XIX,  (see 
also,  II,  135),  I,  237  ;  Table  XX-XXV, 
(see  Table  XIX),  I,  237-240  ;  Table 
XXIX,  II,  26  ;  Table  XXX.  II,  42,  44  ; 
Table    XXXI,    II,   44,   46;     Table 
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XXXII,  II,  43;  Tables  XXXV-XL, 
II,  79,  S3;  Tables  XLl-XLIII,  II,  118, 
119;  Tables  XLV-XLVIII,  II,  204; 
Table  XLIX,  II,  208,  209 ;  Table  L,  II, 
211. 
Hundredweight,  see  Cwts. 


Impact,  effect  of,  ii,  4g-i8. 

Inch,  see  Table  LXII,  II,  262;  common 
fraction  of,  expressed  in  decimals, 
Table  LVII,  II,  257 ;  decimals  of, 
expressed  in  common  fraction.  Table 
LVII,  11,257;  each  1-64,  in  decimals 
of  feet.  Table  LVIII,  II,  2.58-259; 
English,  reduced  to  millimetres, 
Table  LX,  II,  261 ;  expressed  in 
metres.  Table  LIX,  II,  26ii. 

Inclined  beam  or  girder,  11,212;  anal- 
ysis of  load  on,  II,  182,  183,  195,  196; 
horizontal  thrust,  11,212;  transverse 
strain  on,  II,  182,  183,  195,  196. 

Inertia,  see  Moment  of  Inertia. 

Intermittent  strains,  effect  of,  II,  46-48. 

Introductory  remarks,  I,  1, 

Inverted  arches,  see  Examples. 

Iron,  see  Beams,  Cast-iron,  Economical, 
Examples,  Extension,  Malleable  iron. 
Pig-iron,  Plate  girder.  Truss, 
[Vrought-iron ;  Bower-Barlfe  process, 
II,  32,  33  ;  cast,  tests.  Table  XXXIV, 
End  of  Vol.  II;  cement  of,  II,  33; 
classified.  Table  XXIX,  End  of  Vol. 
II;  contraction  of  trusses,  II,  139; 
ditfereuce  in,  depends  on  carbon,  II,  1 ; 
electro-plating  of,  II,  32  ;  expansion  of 
trusses,  II,  139;  extraction  of,  II,  1, 
2;  factor-of-safety,  II,  1  ;  galvanizing 
of,  II,  32 ;  in  pure  state,  II,  1 ;  japan- 
ning of,  II,  32;  list  of  beams, 
channels,  angles,  tees,  deck  beams, 
zees.  Table  XX-XXV,  End  of  Vol. 
I ;  painting  of,  II,  31, 32  ;  recent  tests. 
Table  XXXIV,  End  of  Vol.  II; 
strength  of.  Table  IV,  I,  40 ;  tarring 
of,  II,  32;  three  kinds,  II,  1 ;  useless 
if  present  sulphur,  copper,  phos- 
phorus, II,  2;  weight  of.  Table  IV,  I, 
40;  welding  of.  II,  29,  30;  wrought 
superseding  cast,  II,  188;  wrought, 
tests,  Table  XXXIV,  End  of  Vol.  n. 


Japanning,  process  of,  ii,  32. 

Joint,  butted  in  I'iveting,  II,  63 ;  butted, 
riveted,  double  plate,  example,  II,  76 
-78 ;  butted,  riveted,  single  plate, 
example,  II,  73-76;  cover  plates  in 
riveting,  II,  63,  64 ;  designing  pin,  II, 
83-105 ;  how  assumed  in  trusses,  II, 
136;  lapped,  11,62,63;  lapped, 
riveted,  see  Examples,  II,  70-73  ;  pin, 
calculation,  see  Examph's,  II,  89-104  ; 
riveted,  how  yields,  II,  65-70;  shrink, 
age  of,  1, 121 ;  thickness  of,  1, 117, 118. 
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Ke  YED  girder,  see  Examples;  calcu- 
lation of,  1.  211-216. 

Kilograms,  reduced  to  cwts.,  Table 
LXl.  II.  261 ;  reduced  to  Englisli 
weights,  Table  LXI,  II.  261  ;  reduced 
to  pounds.  Table  LXl.  II.  261 ;  re- 
duced to  quarters.  Table  LXI,  II,  261 ; 
reduced  to  tons.  Table  LXl,  II,  261. 

Kilometres,  Table  LIX,  II.  260. 

King  post  truss,  II.  141-145. 

Knot,  see  Table  LXIl,  II,  262. 


LaP-JOINT,  see  Examples,  Joint,  II, 
62.  63. 

Land  mile,  see  Table  LXIT,  II,  262. 

Lateral  ilexure.  see  Examples:  beams, 
formuia,  I,  204:  formula,  I,  2S ;  in 
beams,  1,  204-206;  in  iron  beams,  I, 
239,  240;  in  top  flanges  of  beams, 
girders,  or  trusses,  I,  28.  29 ;  plate 
girders,  II,  133,  134;  value  of  y, 
Table  XVI.  1.  205. 

Lattice  truss,  II,  153. 

Lead,  effect  of  ditt'erent  kinds  of 
strains,  II,  48,  49. 

Letters,  in  formula',  meaning  of,  I,  5,  6. 

I^ever,  law  of.  1,  48. 

Limit  of  elasticity,  see  Elasticity , 
Elastic  Limit. 

Line  of  pressure,  central  in  truss 
members,  I.  74. 

Lintels,  wooden,  in  walls,  I,  125,  126. 

Liquid  measure,  see  Table  LXII,  II, 
262. 

List  of  formulje,  I.  ix-xii  and  II,  .^i,  xii ; 
of  tables,  I,  vii,  viii  and  II,  vii-ix. 

Litre,  see  Table  LXII,  II,  262. 

Load,  see  Beams,  Cantilever,  Centre 
load  {hea7n);  Concentrated  load,  not 
central  (beam,  and  cantilever);  End 
load  {cantilever):  Examples;  Hoof; 
Safe  load:  Several  loads  [beam  and 
cantilever);  Uniform  and  single  load 
(Ittam  and  cantilever):  Unijorm  load 
(beomiiiid  cantilever):  and"wind,  one 
diagram,  II,  170;  effect  of.  if  varied, 
II.  48,  4!) :  effect  on  beam,  I,  1S2-1S6  ; 
hiiw  a>sanied  in  trusses,  II,  13{) ; 
moving,  see  Impart:  moving.  I,  84; 
on  truss  chord,  II,  1.37,  13S  ;  on  truss 
parts,  II,  136;  rolling,  effect  of,  II, 
4(>48;  safe,  on  earth,  clay,  gravel, 
loam,  sand.  Table  V.  1,45;  to  ascer- 
tain amount  of,  I,  8<l-83. 
Loading,  effect  of   manner  of,  Table 

XLI,  End  of  Vol.  H. 
Loiim,  safe  compression  on.  Table  V,  I, 

45  :  weight  of.  Table  V.  1,  45. 
Logarithms  of  numbers.  Table  LI II,  II, 

225-227. 
Long  measure,  see  Table  LXII,  II,  262. 


Machine  riveting,  ii,  5u,  ei. 


MOM 

Machinery,   foundations  for,  to  avoid 

vibrations,  I,  131,  132. 
Magnetite,  iron  ore,  II,  2. 
Malleable  iron,  see  Cast-iron;  classified. 
Table    XXIX,     End  of    Vol.    II; 
description  of,  II,  18;  forged  cold,  11, 
18;  resume  of  qualities,  11,  28;  tests. 
Table  XXXIV,  End  of  Vol.  11. 
Manganese,    in    steei,    tests.    Table 

XXXlV,Endot  Vol.  II. 
Masonry,  effect  of  different  kmds  of 

strains,  II,  48,  49. 
Materials,  expansion    and  contraction 
of,  1,67-69;    strength  of,  chapter  on, 
1,2-84;  strength  of,  per  square  fnch. 
Tables  IV  and  V,  1,  37-15  ;  weight  of. 
Tables  IV.  V  and  VI,  I.  37-46 ;  weight 
of,  per  cubic  foot.  Table  VI,  1,  46. 
Measures  and  weights,  English  (U.  S.) 
standard.  Table  LXII,  11.262;  liquid, 
see    Table   LXII,   II,  262;    long,  see 
Table  LXII,  11,262;  solid,  see  Table 
LXII,    11,262;    square,    see    Table 
LXII,  II,  262. 
Member  of  truss  with  different  strains, 

11,  139. 
Metallic  paint,  description  of,   II,  31, 
32 ;    how  covered,  II,  32 ;   to  protect 
iron,  11,31,32. 
Metals,    effect    of    different    kinds    of 
strains,  11,48,49;  recent  tests,  Table 
XXXIV,   End   of    Vol.    11;    strength 
of.   Table   IV.   I,  40-42;    weight  of, 
Table  IV,  1,  40-12. 
Metres,  expressed  in  feet  and  inches, 

Table  LIX,  11,  260. 
Mile,  land  and  sea.  Table  LXII,  II,  2G2. 
Millimetres,    Table    LIX,    II,    260; 
reduced  to  English  inch.  Table  LX, 
11,  261. 
^fitis,  classification  of,  II,  25-27. 
Modulus  of  elasticity  for  plate  girders, 

II,  117. 
Modulus    of     rupture,    see     Ilupfure; 
metals,  recent  tests,  Table  XXXIV, 
End  of  Vol.  II. 
Mortar,  see   Cement;  cement  stains,  I, 
122;  quality  of,  I,  118,  119;  setting  of, 
1,  119;  strength  of,  Tabh-s  IV  and  V, 
1,  42,  45;   thickness  of  joints,  I,  117, 
118;    weight  of.  Tables  IV  and  V,  I, 
42,  45  ;  why  necessary,  I,  117. 
Moulds,  used  in  ca.sting,  11,9,  10. 
Moving  load,  see  Impact,  Load. 
Moment,  see  ISendlng-moment ;  defined, 

1,48. 
Moment  of  inertia,  see  Examples; 
amount'of.  Table  I,  1,  12-21;  ex- 
plained, I,  180-182;  for  different 
sections.  Table  1,  I,  12-21  ;  of  any 
section  found  graphically,  I,  267-269. 
Moment  if  resistance,  see  Centre  load. 
Concentrated  load.  End  loud.  Load, 
Several  loads,  I'niform  and  conreu- 
trated  lotids.  Uniform  luad :  amount 
of.  Table  1,  1,  12-21 ;    curve,  II,  124; 
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explained,  I,  1S2-186 ;  for  different 
sections,  Table  1,  1,  12-21 ;  graphical 
analysis  of,  I,  245  ;  graphical  method, 
formula,  I,  245. 

Muck  bur.  description  of,  II,  13  ;  iron, 
Table  XXIX,  End  of  Vol.  II. 

Multijiliraiion,  rectangular  sections. 
Table  LV,  243-24.5. 


jsr. 

n,  reasons  for  its  values,  II,  201,  202  ; 
value  in  compression  formula.  Table 
II,  I,  23. 

Xattiral  sines,  cosines,  v  e  r  s  i  n  e  s  , 
coversines,  tangents,  cotangents, 
secants,  cosecants,  Table  LI,  II,  219, 
220:  sines,  tangents  and  secants. 
Table  LII,  II,  221-224. 

Neutral  Axes,  of  arch,  how  found,  I, 
154,  155. 

Neutral  axis,  see  Examples;  distance 
from  extreme  fibres,  tor  different 
sections.  Table  I,  I,  12-21 ;  distance 
from  extreme  fibres  proportioned  to 
their  respective  resistance  to  com- 
pression and  tension,  I,  54 ;  of  any 
section,  found  graphically,  I,  260,  2G9. 

Notation,  atiention  called  to,  II,  140; 
used  in  graphical  analysis,  I,  69-71  ; 
used  in  formuliB,  meaning  of  letters, 
1,5,6. 

Notched  girder,  explained,  1, 216. 

Numbers,  logarithms  of,  Table  LIII,  II, 
225-227. 

Nids,  standard  dimensions  for.  Table 
XXXIII,  End  of  Vol.  II;  standard 
sizes,  II,  53. 


Open  hearth,  see  Table  XX  LY.  End  of 

Vol.  II  ;  steel  process,  II,  20,  21. 
Ou7i.ce,  see  Table  LX/I,  II,  262. 
Overhang  to  beam,  II,  86-88,  211,  212. 


X^AINT,  see  Metallic  paint. 
Paper,  weight  of.  Table  VI,  I,  46. 
Parallelogram    of  forces,    applied    to 

graphical  analysis  of  trusses,  I,  72; 

defined,  I,  71,  72. 
Parts,  decimal,  of  foot,  per  1-64  inch. 

Table  LVIII,  II,  258,  259, 
Pennyweight,  see  Table  LXII,  II.  262. 
Perch,  long  measure,  Table  LXlI,  II, 

262;    of  stone  work.  Table  LXII,  II, 

262. 
Permanent  set,  II,  42. 
Phoenix  columns.  Table  L,  explained, 

II,  210,  211 ;   properties  of.  Table  L, 

II,  218. 
Pho^'pliorus,    in    steel,    tests.   Table 

XXXIV.     End  of  Vol.  II. 
Piers,  see  Examples  :  and  walls,  chapter 

on,  I,  117-153  ;  narrow  piers  in  walls. 


PLA 

I,  148;  strength  of,  I,  134-138; 
strength  of,  formula;,  1, 134. 

Pig-iron,  best  combinations,  II.  7,  8; 
brands  of,  II.  6  ;  chemical  process,  II, 
5;  grading  of,  II,  G,  7;  manufacture 
of,  II,  2-6;  softeners,  II,  7. 

Piles,  see  Examples ;  base-courses  over, 
I,  94,  95  ;  iron  piles,  I,  94  ;  long  piles, 
I,  92-95;  long,  safe  load  on,  formula, 
1,  93  ;  sand  piles,  I,  92  ;  sheath-piling, 

I,  94 ;  short  piles  as  columns,  I,  91, 
92. 

Piling,  in  rolling  iron,  II,  13,  14. 

Pin,  see  Bending,  Bending -moment, 
Examples,  Rivets  ;  chapter  on,  II,  56 
-105;  arrangement  of  eye-bars,  II,  85 
-105:  bending-moraent,  II.  80;  bend- 
ing-moment,  graphically,  II,  102-104; 
bending-moment  on,  II,  81,  82,  94r- 
104;  calculation  of,  see  Examples; 
calculation  of,  11,83;  calculation  of, 
in  iron  truss,  II,  193-195;  compression 
on,  II,  81,  k2;  denial  of  bendiug-mo- 
ment,  II,  104,  105  ;  description  of,  II, 
56;  designing  joint,  II,  83-105  ;  iron, 
compression  o  n ,  Tables  XXXV- 
XXXVII,  End  of  Vol.  II ;  iron, 
shearing,  bending  and  tension  of, 
Tables  XXXVIII-XL,  End  of  Vol. 
II;  reducing  strains,  II,  84,85; 
shearing  on,  11,81,  83,93,94:  stand- 
ard sizes,  11,  53,  54:  steel,  compres- 
sion on,  Ta  b  1  es  XXXV-XXXVII, 
End  of  Vol.  II ;  steel,  shearing,  bend- 
ing and  tension  of.  Tables  XXXVIII- 
XL,  End  of  Vol.  II ;  stress   for  steel, 

II,  70;  stress  for  wrought-iron,  II,  70. 
Pin-joint,  see  Examples ;  calculation  of, 

example.  II,  89-104. 

Pint,  see  Table  LXII,  II,  262. 

Pitch,  greatest  for  rivets,  II,  G5  :  least 
for  rivets,  II,  05  ;  of  rivets,  II,  57,  58. 

Planing,  ot  column  ends,  II,  202. 

Plasterina ,  plate  girder,  not  to  crack, 
Table  XLI,  End  of  Vol.  II;  deflec- 
tion, not  to  crack,  I,  56,  57. 

Plate,  see  Peinforce plates,  Plate  girder  ; 
cover  in  riveting,  II,  63,  64 ;  crushed 
by  rivet,  II.  65-70;  friction  from 
riveting,  II,  64  ;  sheared  by  rivet,  II, 
65-70;  tests.  Table  XXXIV,  End  of 
Vol.  II;  torn  by  rivet,  11,65-70:  weak- 
ened by  rivets,  II,  62 ;  wrought-iron 
not  to  wrinkle,  I,  25-27. 

Plate  girder,  see  Beam,  Elasticity, 
Examples,  Flitch  Plate  Girder, 
Friction.  Girder,  Modulus  of  Elas- 
ticity, Plate:  chapter  on,  II,  106-135  ; 
angle  bars,  strength  of.  Table  XLII, 
End  of  Vol.  II :  angles  one  piece,  II, 
114, 115  ;  approximate  formula,  I,  65  ; 
approximate  thickness  of  flange,  I, 
65;  bending-moment,  II,  124,  125, 
132,  133;  box  girder,  description  of, 
II,  107;  calculation  of,  II.  108-119; 
cambering  of.  II.  107;  deflection, 
TableXLl.EndofVol.il;  deflection, 
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formulrfi,  I,  228,  229  ;  deflection  of,  II, 
117  ;  deflection  ot,  arithmetically,  11, 
132 ;  deflection  of,  by  table,  II,  132 ; 
deflection  of,  graphically,  II,  131, 
132;  description  of,  II,  IOC  ;  detailing 
of,  see  Examples ;  flange,  average 
fibre  stress,  II,  134  ;  flange  rivets,  II, 
125,120;  flange  strahi,  II.  108  ;  flange, 
strength  of.  Table  XLIII,  End  of 
Vol.  II;  flange  thickness,  II,  125; 
flange  thickness,  graphical  method, 
formula,  I,  270;  lateral  flexure,  II, 
133, 134  ;  length  not  to  crack  phxster, 
formula.  I.23M  ;  length  of  bearing.  II, 
131  :  manner  of  loading.  Table  XLI, 
End  of  Vol.  II  ;  moment  of  resistance 
II,  124;  not  to  wrinkle,  1,  25-27; 
pitch  of  rivets,  II,  65  ;  plastering,  not 
to  crack.  Table  XLI,  End  of  Vol.  II ; 
plates  not  full  length,  II,  107 ;  prac- 
ticable sizes.  11,51,52;  reduction  of 
flanges,  graphical  method,  I,  269-271 ; 
rivets  in  flange,  II,  109,  110;  rivets  in 
siitfners,  II,  128,  129;  rivets  in  web, 
II,  108,  109;  rivets  in  web  angle,  II, 
129-131  ;  splicing  flange,  II,  113.  114, 
127;  splicing  plates,  II,  113:  splicing 
■web,  II,  113 ;  stitfners  to  web,  II,  127, 
128;  strength  of,  Table  XLI-XLIII, 
End  of  V'ol.  II  ;  tendency  to  slide,  II, 
112,  113;  uneven  angles,  II,  107; 
value  of  angle  irons,  formula,  I,  270  ; 
value  of  angles,  II,  120;  value  of 
flange,  II,  120  ;  web  buckling,  II,  115  ; 
web  rivets,  II,  128;  web,  splicing  of, 
II,  129;  web  stitfeners,  II,  115-117; 
web,  strength  of.  Table  XLI,  End  of 
Vol.  II;  web  thickness.  II.  115,  127; 
web,  uneven  thickness.  II,  107  ;  where 
diminish  flange  thickness,  II,  125; 
with  diminislung  flange,  deliection  of, 
1,229-231  ;  wiinklingof  llange,  II,  135. 

Pole,  see    Grnjiliiciil   iimilusis,  see   also 
Table  LXII,  1 1 ,  202. 

Pounds,  see    Table  LXII,  II,  262  ;  re- 
duced to  kilograms,  Table  LXI,  II,2G1. 

Pressure,  see  Line  of  pressure .  lieservoir 
iralls,  Iictainimi  iralls,  IValls. 

Pudtllini/,  (if  wrouglit-iron.  II.  13. 

J'luld/in'i/.ball    of    iron.    Table  XXIX, 
End  of  Vol.  II. 

Pttiirlihta  for  rivets,  II,  58,  5D ;  steel 
cold,  11,37. 


QuAItT,  see  Table  L.XII,  II,  202. 

Ouarferin;/,  see  Wood. 

Quarters,  see    Table  IjXII,   1 1 ,   262 ; 

reduced  to  kilograms,  Table  LXI,  II, 

261. 


JiADIUS,   see    Square   of  radius   of 
ijyratlon. 


RIV 

Radius  of  gyration,  Pha'nix  columns, 
Table  L,  II,  218. 

Rafter,  analysis  of  load  on,  II,  182,  183, 
195,  196;  compression  on,  II,  196; 
iron,  see  Examples;  iron,  calculation 
of,  II,  195-198  ;  transverse  and  longi- 
tudinal strains  in,  I,  74  ;  transverse 
strain  on,  II,  137,  1,38,  182,  183,  195, 
196;  wooden,  see  E.ramples;  wooden, 
calculation  of,  II,  180-183. 

Reaction,  see  Centre  load,  Concentrated 
load.  End  load.  Examples,  Load, 
Several  loads.  Uniform  and  concen- 
trated loads,  Uniform  load:  amount 
of  (at  both  supports),  I,  47,  51  ; 
ainouut  of  left  (single  load)  formula, 

I,  47;  amount  of  left  (two  loads) 
formula,  I,  47;  amount  of  right 
(single  load)  formula,  1.47;  amount 
of  right  (two  loads)  formula,  I,  47  ;  at 
truss  joints.  II.  137,  138  ;  beam  with 
overhang,  II,  86-88;  continuous 
girders,  Table  XVII,  I,  218,  219  ;  from 
overhanging  beam,  II,  211,  212; 
graphical  analysis  of,  I,  245  ;  of  con. 
tinuous  girder,  II,  211 ;  of  wind  on 
roofs,  II,  165-174;  shearing  at  left, 
formula,  I,  33;  shearing  at  right, 
formula,  I,  33;  truss  ends,  II,  1.38; 
trussed  beams,  Table  XVIII,  I,  220, 
221. 

Reaming,  for  rivets,  II,  59. 

Reciprocals  of  numbers.  Table  LI  V,  II, 
228-242. 

Rectangular  sections,  multiplication, 
Table  LV,  II,  243-245. 

Reduction  of  flanges,  see  Plate  Girder  ; 
plate  girder,  II,  125, 

Reinforce  plate,  see  Examples,  Friction, 
plate  ;  rivets  in,  II,  196-198  ;  to  rafter 
joints,  II,  196-198. 

Repeated  strains,  effect  of,  II,  46-48. 

Reservoir,  shape  of  walls,  1,  97; 
strength  of  walls,  I,  103. 

Reservoir  iralls,  see  Examples ;  pressure 
against,  formulie,  I,  103. 

Resistance,  see  Moment  o/' resistance. 

Retaining  walls  anil  cellar  walls, 
chapter  on,  1,  96-116;  buttressetl,  I, 
107,  108;  economical  section,  1.  96, 
97 ;  line  of  pressure,  aritiimctical 
theory  of,  I,  98-104  ;  lino  of  pressure, 
graphical  method,  I,  104-107;  press- 
ure ag;iinst,  formulie,  J.  98.  100,  103- 
105  ;  value  ot p.  Table  XI.  1.  101. 

Reversed  strains,  effect  of.  1 1.  4(;  48. 

Rivets,  see  Examjiles,  llending,  Hend- 
ing-moment,  I'lalc  girder,  Uireting ; 
chapter  on.  II,  56-105;  bemling-nio- 
raent,  II,  80;  bendin  g- m  o  m  e  n  t , 
increa.se  nioihilus.  II,  61  ;  bending- 
nioment  on,  II.  81,  82;  breaking  of, 
11.05  70;    butt-joint,  II,  (!3  ;    chain, 

II.  02;  compression  of.  II.  65  70; 
coiiipreBsion  on.  II.  81.82;  d<'ni.il  nf 
bending-moment,  i  1 .  104.  105  .  di'sciip. 
tiou  of,  II,  56,  57  ;  drilling  for,  J  I,  59  ; 
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example  butt-joiut,  double  plate,  II, 
76-78;  example  butt-joint,  single 
plate,  II,  73-76;  example  lap-joint, 
II,  7U-73;  greatest  pitch,  II,  65; 
hand,  II,  60,  61  :  head  of,  II,  57  ;  how 
joint  yields,  II,  65-70;  in  reinforce 
plates,  see  Examplts;  in  reinforce 
plates,  II,  196-198  ;  iu  strut  ends,  II, 
192,193;  insirMts,  see  Examjiles;  iron 
or  steel,  shearing,  bending  and  ten- 
sion of.  Table  XXXVIII,  End  of  Vol. 
II  :  iron,  safe  compression  on.  Table 
XXXV,  End  of  Vol.  II  ;  lap-joints.  II, 

62,  63;  least  pitch.  II,  C5  ;  machine, 
II,  59,  61 :  number  in  flange  leg,  plate 
girders,  II,  109 ;  number  in  web  leg, 
plate  girders,  II,  108,  109  ,  pitch  of, 
II,  57,  58 ;  plate  girders,  location  in 
flange,  II,  109-112;  punching  for,  II, 
58,59;  reaming,  11,59  ;  shearing  of.  II, 
65-70;  shearing  on,  11,81,83;  shear- 
ing out  of  plate,  II,  65-70  :  size  to 
use,  II,  65;  staggered,  II,  62;  steel, 
safe  compression  on.  Table  XXXV, 
End  of  Vol.  II  ;  steel  undesirable.  II, 
61 ;  stress  for  steel.  II.  70  ;  stress  for 
wrought-iron,  II,  70;  tail  of,  II,  56, 
57  ;  weakening  of  plate,  II,  62 ;  zig- 
zag, II,  62. 

Riveted  girder,  see  Plate  girder. 
Riveting,  see  Rivets;   cover  plates.  II, 

63,  64;  friction  of  plates.  II,  64;  of 
boilers,  II,  64,  65  ;  to  distinguish.  II, 
60,61. 

Robert  converter,  claims  made  for,  II, 
54,55. 

Rock,  foundations  of,  I,  90,  91. 

Rocker,  see  Rollers. 

Rod,  see  Bending,  Tie-rod,  see  also 
Table  LXII,  it.  262  ;  tension  on,  II, 
83. 

Rolled  iron,  see  Wrought-iron. 

Rollers,  see  Examples;  etfect  of  wind, 
II.  169,  170;  example  of,  II.  199; 
expansion  or  contraction  guarded 
against,  II,  199  ;  formula  for.  II.  199  ; 
how  used,  II,  199 ;  secure  truss  side- 
ways, II,  199  ;  slip-joint  in  roof,  when 
necessary,  II,  199 ;  three  diagrams 
needed.  11,  139;  to  truss.  II.  109.  170  ; 
under  truss,  when  used,  II,  199  :  used 
for  rolling  iron,  II,  14,  15;  when 
needed,  II,  139. 

RoUinq  load,  effect  of,  II,  46-48. 

Rood,  see  Table  LXll,  II,  262. 

Roof,  see  Abutment,  Truss.  Wind; 
allowance  for  snow.  II.  140;  circular, 
wind  etfect,  II,  177,  178  ;  contraction 
of  truss,  II,  139  ;  expansion  of  truss, 
II,  139;  horizontal  tension,  II.  165; 
horizontal  thrust.  II,  165  ;  load  on, 
II,  179,  180,  189  :  overturned  by  wind, 
II,  173-177  ;  snow  on,  general  rale,  II, 
138;  table  of  strains,  II,  UtO  :  thrust 
on  abutment.  II,  164,  165  ;  weight  of, 
II,  179.  180.  189  ;  when  rollers  needed, 
U,  139;  wind  load  line,  II,  165-174; 
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wind  on  broken,  II.  172,  173  ;  wind  on, 
general  rule,  II,  138 ;  wind  pressure 
on,  II,  178,  189-191;  wind  reactions, 
II,  165-174. 

Roof  t7-uss,  examples  of,  II,  141-162; 
strain  reversed,  II,  138,  139  ;  super- 
fluous members,  II,  143,  144. 

Ropes,  strength  of.  Table  IV.  I,  42. 

Rubble  work,  see  Utonetcork ;  depend- 
ence on  mortar,  1, 119. 

Rupture,  see  Examples ;  formula  for,  iu 
testing,  11,38  ;  rivets,  modulus  larger, 
II,  61;  when  to  calculate.  Table  IX, 
I,  63. 

Rust,  protection  from,  II,  31,  33. 


iSaFE  loads,  see  Examples. 

Sand,  safe  compression  on.  Table  V,  I, 
45  ;  weight  of.  Table  V,  I,  45. 

Scissors  truss,  II,  157. 

Screw,  see  Thread ;  standard  dimen- 
sions for,  Table  XXXIII,  End  of 
Vol.  II. 

Screw  ends,  see  Upset. 

Sea  mite,  see  Table  EXIT,  II,  262. 

Seasoning  of  wood,  I,  189. 

Secants,  natural.  Table  LI,  II.  219,  220; 
natural,  Table  LII,  II,  221-224. 

Sections,  see  Cross-section ;  rectangular, 
multiplication,  Table  LV,  II,  243- 
245. 

Separators,  used  between  iron  beams, 
I,  206. 

Set.  increasing,  11,46;  permanent,  II, 
42. 

Several  loads  (beam  and  cantilever), 
see,  II,  87,  88,  182,  195,  212  ;  see 
Examples,  I,  48,  55,  255,  257 ;  arith- 
metically, reactions,  beam,  I,  47,  48, 
51  ;  arithmetically,  reactions,  canti- 
lever (equals  sum  of  loads) ;  arithme- 
tically, point  of  greatest  bending- 
moment,  beam,  I,  51,. 52;  arithmeti- 
cally, point  of  greatest  bending-mo- 
ment,  cantilever,  I,  51,  52  ;  amount  of 
greatest  bending-monient,  beam.  I, 
52,  53  ;  amount  of  greatest  bending- 
uioment,  cantilever,  I,  54;  required 
moment  of  resistance  at  point  of 
greatest  bending-moment,  beam,  I, 
50,  54  ;  required  moment  of  resistance 
at  point  of  greate;-t  bending-moment, 
cantilever,  I,  50,  54;  arithmetically, 
bending-moment  and  required 
moment  of  resistance  at  any  point, 
beam,  I,  50,  54  ;  arithmetically,  bend- 
ing-moment and  required  moment  of 
resistance  at  any  point,  cantilever,  I, 
50,  54  ;  arithmetically,  greatest  deflec- 
tion, beam,  1,56,67;  arithmetically, 
greatest  deflection,  cantilever,  I,  57, 
67  ;  arithmetically,  shearing,  beam, 
I,  33-35;  arithmetically,  shearing, 
cantilever,  I.  35  ;  graphically,  beam 
(cantilever  similar),  reactions,  I,  245 ; 
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graphically,  beam,  (cantilever 
similar),  poiut  of  greatest  bendiug- 
moraeiit,  I,  243.  --Mo;  graphically, 
beam  (cantilever  similar),  amount  ot 
greatest  bending-raoment,  1,245; 
graphically,  beam  (cantilever 
similar),  required  moment  of  resist- 
ance at  point  of  greatest  bending- 
moment,  1,  243-245;  graphically, 
beam  (cantilever  similar),  bendiug- 
moment  and  required  moment  of 
resistance  at  any  point,  I,  243-245; 
graphically,  beam  (cantilever  simi- 
lar), greatest  deflection,  I,  246-248; 
graphically,  beam  (cantilever  simi- 
lar), shearing,  I,  246. 

Shapes.  CASt-iroa  columns,  II,  202,  203. 

Shearing,  see  Beams,  Cantilever,  Centre 
load,  Concentrated  load.  Cross  shear- 
ing. End  toad.  Examples,  Load, 
Several  loads.  Uniform  and  concen- 
trated loids.  Uniform  load:  across 
grain,  formula,  I,  32;  across  grain, 
graphical  method,  formula,  I,  246; 
along  grain,  formula,  I,  32;  at  any 
point  of  beam,  1,34;  at  left  reaction, 
formula.  1.  33;  at  reactions,  I,  33; 
beam,  vertical,  any  point,  formula,  1, 
34;  cantilever,  vertical,  any  point, 
formula,  1,  35;  formuhe,  I,  32.  33; 
horizontal  in  beams,  I,  35 ;  longitudi- 
nal, formula.  1,  35 ;  metals,  recent 
t«sts,  Tiible  XXXIV,  End  of  Vol  II; 
of  rivet,  II,  65-70 ;  on  beams  and  can- 
tilevers. Table  VII,  I,  58.  59;  on  pin, 
II,  93,94;  on  rivets  and  pins,  11,81, 
aj;  on  rivets,  pins  and  rods.  Tables 
XXXV  I II -XL,  End  of  Vol.  11; 
theory  of,  1,31,32. 

Sheath-piling,  explained,  I,  94. 

Shoe,  preferably  wrought-iron,  II,  188; 
to  iron  truss,  II,  198,  199. 

Shoe  plate,  see  Examples. 

Shrinkaqv,  see  Cast-iron:  of  timber,  I, 
122  ;  of  walls,  I,  121 ;  of  wood.  1.  190. 

Silicon,  in  steel,  tests.  Table  XXXI V, 
End  of  Vol.  II. 

5(7/*-,  bedde.l  hollow,  I,  123. 

Sine.^,  natural.  Table  LI.  II,  219,  220; 
natural.  Table  MI,  II,  221-224. 

Sizes  of  eye-bars,  1 1,  53,  .o4  ;  of  flats,  II, 
52:  of  iron  plates.  II,51..')2;  of  pins, 
11.53,54;  of  rivets,  II,  05;  of  rounds, 
II,  52;  of  squares,  II,  52. 

A'i'i"  of  cast-iron,  U,  10.  11. 

Slanting,  see  Inclined  beam:  beam,  TI, 
212;  surface,  wind  effect,  II.  177.  178. 

Slate,  effect  of  different  kinds  of 
strains,  II,  48,49. 

Sleeve  nuts,  II,&'J,  84. 

Sliding,  in  plate  girders,  IT.  112,  113. 

Slip-Joints,  how  built,  I,  123,124;  in 
riMjf,  if  rollers  lined,  II,  199;  where 
necessary.  1.  95.  121. 

Snow,  allowance  for.  on  roof.  II,  140; 
general  rule,  II,  138;  weight  of ,  Table 
VI,  I,  46  ;  when  not  considered,  I,  83. 
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Soils,  angle  of  friction,  Table  X,  I,  99  ; 
drainage  of,  I,  87  ;  how  to  test,  I,  86, 
87  ;  nature  of,  1,  85. 

Solid  measure,  see  Table  LXIl.  11,262. 

Spanish  tile,  floor  arch,  I,  170-179. 

Splicing  flange,  plate  girder.  II,  113, 
114,  127;  plate  girders,  II,  113;  web, 
plate  girder,  II,  113,  129. 

Square  measure,  see  Table  LXII,  II, 
202. 

Square  of  radius  of  gyration.  Table 
XLIX,  II,  208,  209,  217  ;  amount  of, 
Table  I,  I,  12-21;  for  different  sec- 
tions. Table  I,  1,  12-21  ;  how  found, 
II,  209;  of  columns,  II,  200;  when 
constant,  II,  191.209. 

Square  roots.  Table  LIV,  II,  228-242. 

Squares,  Table  LIV,  II,  228-242;  area 
of,  see  'J able  L  yl,  II,  246-256. 

Staggered  riveting.  11,  62. 

Steel,  see  Beams,  Cast-steel,  Plate 
girder.  Pins,  Rivets ;  analysis  varies, 
II,  8;  annealing  of,  II,  30,  37  ;  avoid 
great  lengths,  II,  51  ;  bars  stronger 
than  plates,  II,  37;  beams  and 
girders,  deflection,  formula;,  I,  223, 
224;  bending  test,  II,  40,  41; 
Bessemer,  II,  20-22;  Bessemer,  tests, 
Table  XXXIV,  End  of  Vol.  II  ;  best 
process,  II,  23;  can  be  cast,  forged, 
hardened  and  tempered,  11,  19  ;  cast- 
ings of,  II,  12;  caat,  tests,  Table 
XXXIV,  End  of  Vol.  II ;  characteris- 
tics of.  II.  19;  Clapp-Griffiths,  11,  23  ; 
classification  of,  II,  25-27;  classified. 
Table  XXIX,  End  of  Vol.  II;  cold 
punching,  II,  37;  cost  of  fitting,  II, 
51,  52;  crucible,  tests.  Table  XXXIV, 
End  of  Vol.  II  ;  direct  from  ore,  II, 
20;  distinguished  from  iron  by 
carbon,  II,  1  ;  distinguished  from 
wrought-iron,  11,39;  ductility  of,  II, 
41:  economical  designing,  II.  .'")0-.")4 ; 
effect  of  blue  heat,  II,  36;  effect  of 
cold  rolling,  II,  36;  effect  of  differ- 
ent kinds  of  strains,  II,  48,  49;  effect 
varies  with  carbon.  11.. 37;  elasticity 
of,  II,  41-46;  factor-of-safety.  II.  1  ; 
fracture,  II,  39,  40  ;  hard,  description 
of,  II,  19;  hardness  great,  II,  19; 
ingot,  .see  Table  A'.V/.Y,  End  of  Vol. 
11;  ingot,  11,22,  23;  kinds  made  by 
mills,  II,  24,  25;  limit  for  plates,  II, 
51,  .")2  ;  list  of  beams,  channels, 
angles,  tees,  deck  be.ims,  zees.  Tables 
XX-XXV,  Eiiil  of  Vol.  1:  manu- 
facture of.  II,  18-25;  mild,  descrip- 
tion of,  II,  19;  nature  and  use  of, 
chapter  on,  II,  l-.W  :  new  deeji  beam, 
II,  1.35;  not  desirable  for  rivets,  II, 
(;i  ;  open  hearth,  H.  20,  -Jl  ;  op.-n 
he.irth.  tests.  Table.  XXXIV.  End  of 
Vol.  II:  pins,  comprc-ssion  on.  T.ibli'8 
XXXV  XXXVII,  End  of  Vol.  II; 
pins  shearilij;.  Iiending  and  tension 
of,  Table  XXXVIII  XL,  End  of  N'ol. 
II;   princiiial  processes,  II,  20;    pro- 
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duced  from  pig,  II,  9;  puddled,  II,  25; 
recent  tests.  Table  XXXIV",  End  of 
Vol.  II  ;  red  short,  II,  22  ;  resume  of 
qualities,  II,  28,  29;  rivets,  safe  com- 
pression on,  Table  XXXV,  End  of 
Vol.  li  ;  rivets,  shearing,  bending  and 
tension  of.  Table  XXXVIIl,  End  of 
Vol.  II;  rolling  of,  II,  24;  sate  test- 
ing strain,  II,  41,  42  ;  shearing  of,  II, 
37;  sizes  of  flats,  II,  52;  sizes  of 
plates,  II,  51,  52  ;  sizes  of  rounds,  II, 
52  ;  sizes  of  squares,  II,  52  ;  softening 
of,  II,  30 ;  strength  of.  Table  IV,  1, 
41  ;  stress  for  rivets  and  pins,  II,  70; 
tempering  of,  11,30;  tensile  strength 
great,  II,  19;  testing  of,  II,  39-12; 
tie-rods,  shearing,  bending  and  ten- 
sion of.  Table  XXXVIII-XL,  End  of 
Vol.  11;  use  in  beams,  I,  203,  204; 
weight  of.  Table  IV,  1,  41  ;  welded 
joints,  II,  37;  welding  of,  11,29,30; 
wire,  tests,  Table  XXXIV,  End  of 
Vol.  II;  wrought,  tests.  Table 
XXXIV,  End  of  Vol.  II. 

Stefple.  stone,  effect  of  wind,  example, 
II,  17G,  177;  vertical  tie-rod,  II,  177; 
wind  pressure  diagonally,  II,  178; 
wooden,  ettect  of  wind,  example,  II, 
174-170. 

Stifiuers,  plate  girder,  rivets  in,  II, 
128,  129;  to  web,  II,  115-117;  to  web, 
plate  girder,  II,  127,  128. 

Stirrup  irons,  see  Exam2Jles;  thickness 
of,  formula,  I,  193  ;  use  of,  I,  193, 194  ; 
width  of,  formula,  I,  193. 

Stone,  see  Examples,  Stonework,  see  also 
Table  LXIl,  II,  262  ;  durability,  how 
ascertained.  I,  131  ;  steeple,  wind  on, 
example,  II,  176,  177;  strength  of, 
Tables  IV  and  V,  I,  42-44,  131 ;  weight 
of.  Tables  IV  and  V.    I,  42-41. 

Stonework,  see  Rubble  if  ork;  d  r  i  p - 
moulds,  I,  128;  on  natural  bed.  I, 
122;  size  of  stones,  I,  123;  strength 
of,  I,  135. 

Strains,  see  Transverse  strain,  Wrink- 
linfi  strain;  average  on  chords, 
fofmulse,  I,  225-227,  average  on 
chords,  or  flanges,  I,  225-227.  243; 
cast-iron,  contraction  from,  II,  43-45; 
cast-iron,  extension  from,  II,  43-45; 
contraction  from,  formula,  I,  227; 
ditferent  in  truss  members,  II,  139; 
effect  of  different  kinds,  II,  48.  49  ; 
efifectof  time,  11,46:  expansion  irom, 
formula,  I,  227;  expansion  or  con- 
traction due  to,  I.  227-237 :  funda- 
mentjil  formula,  I.  21 ;  if  reversed, 
effect  of.  II,  46-48:  increase  In 
curved  member,  II,  160-164  ;  in  flange, 
plate  girder,  II,  lOH  :  intermittent,  II, 
46-48;  of  roof,  Table  of.  II,  190;  on 
pin,  reduction  of,  II,  84.  85  ;  repeated, 
effect  of,  II,  46-48  :  reversed  by  wind, 
II,  138,  139;  separate  or  single  dia- 
gram, 11,140:  table  of,  see  Examples  ; 
trusses,  to   draw  diagram,   II,    140- 
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162 ;  variable,  II,  49  ;  wrinkling 
formula,  I,  25 ;  wrought-iron,  con- 
tractwn  from,  II,  43—15;  wrought- 
iron,  extension  ta-oin,  II,  43-45. 

Strain,  diagram,  see  Graphical  analy- 
sis; exi)lained,  I,  72-74  ;  wind  and 
load  combined,  II,  170. 

Strap  at  foot,  see  Examples ;  at  foot  of 
truss,  calculated,  II,  186,  187  ;  bolts 
in,  II,  187. 

Strength,  see  Bricks,  Brickwork,  Ex- 
amples, Load,  Stone,  Slonezvork, 
Transverse  strenrjlli:  cast-iron,  circu- 
lar column.  Table  XLV-XLVIII,  II, 
213-210;  columns,  comparative 
formula-, 1, 65;  comparative  formuhe, 
1,60,62;  of  angle  bars,  plate  girder. 
Table  XLII,  End  of  Vol.  II;  of 
materials,  see  Materials;  of  materi- 
als. Tables  IV  and  V,  I,  37-15; 
flanges,  plate  girder.  Table  XLIII, 
End  of  Vol.  II ;  web,  plate  girder. 
Table  XLI,  End  of  Vol.  II ;  plate 
girder,  ai)proximate  formula,  I,  65. 

Stress,  average  in  plate  girder  flange, 
II,  134;  fundamental  formula,  I,  21  ; 
safe  on  rivets  and  pins,  II,  70. 

Strut,  see  Curved;  bearing  area,  II,  184 ; 
curved,  II,  100-164;  curved,  example, 
II,  162,  163;  iron,  see  Examples;  iron, 
calculation  of,  II,  191,  192;  rivets  in, 
II,  192,  193;  wooden,  see  Examples; 
wooden,  calculation  of,  II,  183,  184. 

Swivel  links,  II,  83. 


J.ABLES  Of  contents,  Beginning  of 
Vols.  I  and  II. 

Tables,  see  Examples,  How  louse  Tables, 
List  of  Tables. 

Tanqents,  natural.  Table  LI,  II,  219, 
220;  natural.  Table  LII,  II,  221-224. 

Tarring,  on  iron,  11,32. 

Tees,  list  of  steel  and  iron.  Table  XXIV, 
End  of  Vol.  I. 

Tempering  of  steel.  II,  19. 

Tension,  see  Examples.  Curved  :  curved 
tie,  example,  II,  163,  161  :  formula,  I, 
30;  horizontal,  roof,  II,  165;  in 
curved  member,  II,  160-164  ;  metals, 
recent  tests.  Table  XXXI V^,  End  of 
Vol.  II  ;  on  rivets,  pins  and  rods. 
Tables  XXXVIII-XL,  End  of  Vol. 
II:  on  rods,  II,  83  ;  riveted  plate,  II, 
65-70  :  theory  of,  I,  29-31. 

Terra  Cotta.  how  used  in  walls,  I,  130, 
131;  strength  of.  Table  V,  I,  45; 
weight  of.  Table  V,  I,  45. 

Testing,  by  bending,  II,  40,  41 ;  cast- 
iron,  wrought-iron  and  steel,  II,  39- 
42  ;  effect  of  time.  II,  46  ;  formula  for 
strength  in,  II,  38;  machine  for,  II, 
38  ;  safe  strains  for  iron  and  steel,  II, 
41,  42. 

Threads,  see  fpset;  cut  with  old  die 
strongest,    II,  53 ;    standard   dimen- 


GENERAL   INDEX. 


277 


THR 

sions  for.  Table  XXXIII,  End  of 
Vol.  II ;  standard  sizes,  II,  53. 

Thrust,  of  roof  on  abutment,  II,  1G4, 
165. 

Tie.  curved,  II,  160-164  ;  curved,  ex- 
ample, II,  1C3,  IW ;  vertical  in 
steeple,  II,  177. 

Tie-beam,  see  Curved,  Examples:  cal- 
culation of,  II,  1S3  ;  load  on,  II,  137, 
138. 

Tie-rofis,  see  Examples:  calculations 
of.  n,  l)-4.  1S5,  191;  iron  la"  steel, 
tension  of.  Tables  XXXVIII-XL.  End 
of  Vol.  II;  tests.  Table  XXXIV, 
End  of  V' ol.  II ;   to  iron  floor  beams, 

I.  206.  207  ;  upset  ends.  11,  ls5. 
Tiles,   use   in   floor   arches,  I,  176-179; 

weight  of.  Table  VI.  I,  46. 
Timber,  see   Wood .    ettect  of  different 
kinds  of  strains,  II,  48,  49  ;  halving  of, 

II,  185  ;  how  to  tell  if  sound,  I,  188, 
189  ;  shrinkage  of,  I,  122. 

Time,  ettect  ot,  II.  46. 

Tons,  see  Table  /,A7/.  II,  262  ;  reduced 
to  kilograms.  Table  LXI.  11,261. 

Tower,  strength  of.  I,  1,U-138  ;  walls  of, 
I.  132;  walls,  strength,  forniulw,  I, 
134. 

Transverse  strain,  see  Beams,  Canti- 
lever, Graphical  nvalysis.  Rafter; 
added  to  longitudinal  strains  in 
rafters.  I.  74;  comparison  of  beams 
and  cantilevers  with  diflercnt  loads 
(strength  and  stiffness)  I.  57  ;  com- 
pression on  upper  flbres.  I,  50  ;  graph- 
ical analysis  of.  chapter  on,  I.  241- 
271;  inclined  beam,  II,  182.  183,  195, 
196;  method  of  rupture,  I,  47  ;  mo- 
ment of  resistance  of  any  fibre.  I,  51 ; 
on  rafter,  see  Examples:  on  ratter, 
11.182,  183.  195.  196;  on  truss  mem- 
bers. II,  136-138;  simple  rules  for 
calculating  arithmetically,  1.51-54; 
strength  uniform  cross-section.  I.  .50  ; 
tension  on  lower  fibres.  I,  50;  when 
to  overlook  deflection  in  wooden 
beams.  Table  VIII,  I,  C2 ;  wooden 
beams,  one  inch  thick.  Ktrength  of 
(uniform  load)  Table  IX,  I.  (!3. 
Transverse  strength,  beams,  rectangu- 
lar, formula-.  I."  194.  l^O  ;  cantilevers, 
rectangular,  formuhe,  I.  195;  lower 
fibres,  formula.  I,. 50:  uniform  cross- 
section,  formula,  1,50  ;  upiier  fibres, 
formula,  1.  .5ft. 
Trapezoid,  to  find  centre  of  gravity,  I, 

101. 

Troy,  see  Table  LXII.  II,  262. 

Truss,  see  Abutment,  Rafter,  Poller, 
Hoof.  Wind :  adjustment  of.  11.  H3, 
84;  allowance  for  snow,  11.  140; 
analyzed  graphically.  I,  72-74; 
arched.  11.  1.54;  bearing  area.  II,  1k6, 
198.  199;  chord  loaded.  II.  i;i7.  I3H  ; 
coTitraclion  of.  II,  1.39;  deflection, 
formuhi-,  I.  22S.  2-29  ;  designing  of.  II, 
13C ;     design    permissible,    II,    188; 
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distances  between,  II,  179;  end 
reactions,  II.  138;  examples  of.  II, 
141-162;  expansion  of,  II.  139;  foot 
of.  design,  II.  18ii.  1^7  ;  fool-bolt,  II, 
186;  hammer-beam,  II,  160;  horizon- 
tal tension,  II.  165;  how  general 
rules  apply,  11.  136;  Howe,  II.  1,V2; 
iron,  see  Examples;  iron,  detailing 
members  and  joints,  II,  18(<-199  ;  iron 
rafter,  II,  195-198  ;  iron  shoe.  II,  198, 
199;  iron  strut,  II,  191,  192;  joint  re- 
actions, II,  137,  138;  joints,  how 
assumed,  II,  136;  king  post.  II,  141- 
145;  latticed,  II,  153,  length  not  to 
crack  plaster,  formula,  1,230;  load, 
ho«  assumed,  II.  136;  load  on  parts, 
II,  136;  pins,  calculation  of,  II,  193- 
195;  pitch  of  rivets,  11,65;  reversed 
strains,  II,  138.  139;  livets  in  struts, 
II,  192,  193;  rollers  under  end,  11, 
139  ;  scissors,  II,  157  ;  snow,  general 
rule,  II.  138  ;  steps  to  design,  II,  136  ; 
strains  in,  analyzed,  chapter  on,  II, 
136-178  itrainsni  chords.  I,  225-227  ; 
strains  in  members,  II.  136;  strapped 
foot  calculated,  II,  186,  187;  super- 
fluous members.  II,  143,  144 ;  tie- 
beam.  II,  183;  tie-rod,  II.  184.  185, 
191;  transverse  strain  on  members, 
II.  l;36-138;  Warren.  II,  153; 
Whipple,  II,  153  ;  wind  and  load,  one 
diagram,  II,  170;  wind  diagram,  II, 
138,  139;  wind,  general  rule,  II,  1.38  ; 
with  abutment,  II,  164,  l(i5;  with 
differentstrains.il,  139;  with  rollers, 
II.  169.  170;  without  abutment,  II, 
16.5;  wood  and  iron,  chapter  on,  II, 
179-199;  wooden,  see  Examples: 
wooden,  detailing  members  and 
joints.  II,  180-187;  wooden,  rafter, 
II.  180-183;  wooden,  strut,  II,  183. 184. 

Trussed  beams,  see  Examples:  or  gird- 
ers, I,  220-223;  or  girders,  calculation 
of,  I.  231-237;  or  girders,  deflection 
of.  I.  225,  231-2,37;  strains  in.  Table 
XV1II,I.  220,  221. 

Tubular  beam,  not  to  wrinkle.  I,  25-27. 

Turning  of  column  ends,  II.  202. 


U^yDERPfXXrXG  of  walls,  I,  129, 
130;  uniform  and  concentrated  load 
(beam  and  cantilever),  see  11.87.88, 
182.  195,  212;  see  Examjdes,  I,  237,  264; 
II,  119-135;  arithmetically,  reactions, 
beam,  1,51;  arithmetically,  reactions, 
cantilever  (equals  sum  of  loads); 
arithmetically,  point  of  greatest 
beniling-moment,  beam,  1.51.52;  II, 
132;  arithmetically,  point  of  greatest 
beiiding-moment.  cantilever.  1.  51.52; 
arithmetically,  amount  of  greatest 
bending-moment.  beam.  1,5  2,.53  ;  II, 
132;  arithmetically,  amount  of  great- 
est bending-moment.  cantilever,  I, 
53,  54;  arithmetically,   ie<iuired  mo- 
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ment  of  resistance  at  point  of  great- 
est bending-nioment,  beam,  1,50,54; 
II,  132;  arithmetically,  required  mo- 
ment of  resistance  at  point  of  greatest 
bending-moment,  cantilever,  I,  50,  54; 
arithmetically,  bending-nioment  and 
required  moment  of  resistance  at  any 
point,  beam.  1,50,54;  11,133;  arith- 
metically, bending-moment  and  re- 
quired moment  ot  resistance  ai  any 
point,  cantilever,  I,  50,  54;  arithmeti- 
cally, greatest  deflection,  beam.  I,  56, 
66,  67;  11,  117,  132;  arithmetically, 
greatest  deflection,  cantilever,  I,  57, 
66,67;  II,  117;  arithmetically,  shear- 
ing, beam,  I,  33-35;  arithmetically, 
shearing,  cantilever,  I,  35;  graphi- 
cally, beam  (cantilever  similar)  reac- 
tions, I,  245;  graphically,  beam  (can- 
tilever similar),  point  of  greatest 
bending-moment,  I,  243;  II,  124; 
graphically,  beam  (cantilever  simi- 
lar), amount  of  greatest  bending-mo- 
ment, I,  245;  II,  124;  graphically, 
beam  (cantilever  similar),  required 
moment  of  resistance  at  point  of 
greatest  bending-moment,  I,  243,  244; 
II,  124;  graphically,  beam  (cantilever 
similar),  bending-moment  and  re- 
quired moment  of  resistance  at  any 
point,  I,  243,  244;  II,  124;  graphically, 
beam  (cantilever  similar),  greatest 
deflection,  I,  246-248;  II,  117,  131; 
graphically,  beam  (cantilever  simi- 
lar), shearing,  I,  246;  II,  117. 
Uniform  load  (beam  and  cantilever)  see 
Tables  VII.  VIII,  IX,  XII,  XIII, 
XIV,  XV.  I,  58,  59,  62,  63,  199,  and 
End  of  Vol.  I:  see  also  II,  87.  88, 
119-135,  182.  195,  212;  see  Examples, 
1, 33.  34,  3(i.  63. 196-203,  262 ;  compared 
to  other  loads,  1,  57.  195,  196;  arith- 
metically, reactions,  beam,  I,  48,  51; 
arithmetically,  reactions,  cantilever 
(equals  load),  arithmetically,  point 
of  greatest  bending-moment,  beam, 
1,  51.  52,  59;  arithmetically,  point  of 
greatest  bending-moment.  cantilever. 
1,51,52.58;  arithmetically,  amount  of 
greatest  bending-moment,  beam.  1, 52, 
69;  arithmetically,  amount  of  greatest 
bending-nioment.  cantilever,  1.53,58; 
arithmetically,  required  moment  of 
resistance  at  point  of  greatest  bend- 
ing-moment. beam.  I.  60,  54;  arith- 
metically, required  moment  of  re- 
sistance at  point  of  greatest  bending- 
moment,  cantilever,  I,  50.  51;  arith- 
metically, bending-moment  and  re- 
quired moment  of  resistance  at  any 
point,  beam.  1.  50.  51,59;  arithmeti- 
cally, bending-moment  and  required 
moment  of  resistance  at  any  point, 
cantilever,  1. 50. 54.  58;  arithmetically, 
greatest  deflection,  beam,  I.  56.57,59, 
66,  223;  arithmetically,  greatest  de- 
flection,   cantilever,    I,   57,    58,    66; 
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arithmetically,  shearing,  beam,  I,  33- 
35,  59;  arithmetically,  shearing,  can- 
tilever. I,  35,  58;  arithmetically, 
strength  of  beam,  1,  194;  arithmeti- 
cally, strength  of  cantilever.  1,  195; 
graphically,  beam  (.cantilever  simi- 
lar), reactions,  I,  245;  grajihically, 
beam  (cantilever  similar),  point  of 
greatest  bending-moment.  I.  i!43; 
graphically,  beam  (cantilever  simi- 
lar), amount  of  greatest  bending-mo- 
ment,  I,  245;  graphically,  beam  (can- 
tilever similar),  required  moment  of 
resistance  at  point  of  greatest  bend- 
ing-moment,  1,243,  244:  graphically, 
beam  (cantilever  similar),  bending, 
moment  and  required  moment  of 
resistance  at  any  point,  I,  243.  244; 
graphically,  beam  (cantilever  simi- 
lar), greatest  deflection,  I,  246-248; 
graphically,  beam  (cantilever  simi- 
lar), shearing,  1,246. 

Vpset  ends,  to  tie-rods.  II,  185;  screw 
ends,  exjilained,  II.  52;  screw  ends, 
when  economical,  II.  52,  53. 

Upward  pressiire,  overhanging  beam, 
11.211,212. 

U.  S.  Standard,  see  English. 

Variable  strains.  eSect  of,  11,49. 
Vaulted  arch,  how  calculated,  I,  179. 
J'ersines,  natural.  Table  LI,  II,  219,  220. 
Vertical  tie,  steeple,  II,  177. 
Vibrations,  from  machinery,  to  avoid, 
I,  131,  132. 

fVALLS,  see  Cellar  walls.  Examples, 
lietaining  walls,  Underpinning;  and 
piers,  chapter  on,  I,  117-153;  but- 
tressed, average  weight,  formula,  I, 
107;  connections  between  old  and 
new,  I,  124;  corbels  in,  I,  150-153; 
damp-proofing  of.  1,87,  119;  furring 
of,  I.  120;  hollow,  I,  128,  129;  how 
underpinned,  I,  129,  130;  of  towers, 

I,  132;  pressvire  from  barrels,  for- 
mula, I,  147;  shape  for  reservoirs,  I, 
97;  strength  of,  I,  1.33-146;  thickness 
of,  Kondelet's  rule,  I,  133;  thickness 
required,  formulre,  1,141;  thrust  of 
barrels,  I.  146-148;  timber  in,  I,  124- 
126;  to  ascertain  amount  of  load  on, 
1,81-83;  to  resist  bulging,  I,  141-146; 
tower  and  chimney,  strength,  formu- 
];e,  I.  134;  wind  pressure  on,  I,  148, 
149.  178. 

IVarren  truss,  II,  153. 

Washers,  see  Examjjles:  bearing  area, 

II,  184:  size  of,  11,185. 

Water,    weight   of.    Table    VI,  I,    46; 

weight  of  one  gallon,  see  Table  LXII, 

11.262. 
Web  angle,  plate  girder,  rivets  in,  II, 

129-131;      buckling,     II,     115:    plate 

girder,  rivets,  II,  128;  plate  girder, 
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splicing  of,  II,  129;  plate  girder, 
stiffeners  to,  II,  127,  128;  plate  girder, 
strength  of,  Table  XLI,  End  of  Vol. 
II;  plate  girder,  thickness,  II,  127; 
rivets,  plate  girder,  II,  108,  109; 
splicing,  in  plate  girders,  II,  113; 
stiffeners  to,  II,  115-117;  thickness  in 
plate  girder,  II,  115. 

n'tiulif.  Avoirdupois  and  Troy,  see  Table 
LXn,  II,  2G2;of  iron,  per  yard,  II,  18; 
materials.  Tables  IV-YI.  I,  37-46  ;  per 
cubic  foot  of  materials.  Table  VI,  1, 46. 

Weif/hts,  English,  reduced  to  kilo- 
grams, Table  LXI.  II,  261. 

Weights  and  measiLres.  English  (U.  S.) 
standard.  Table  LXII,  II,  262. 

If'eUli-'l  steel  and  iron,  classified,  Table 
XXIX,  End  of  Vol.11. 

Weldiny,  description  of,  II,  18;  iron, 
II.  29^  30 ;  joints  in  steel,  II,  37  ;  mal- 
leable cast-iron,  II.  18. 

Whipple  truss,  II,  153. 

Wind,  amount  of  pressure  on  roofs, 
II,  139, 140  ;  and  load,  one  diagram, 
II,  170  ;  braces,  II,  173,  174  ;  broken 
roof,  II,  172,  173 ;  circular  surface, 
II.  177,  178;  effect  different,  if  roll- 
ers used  ;  II,  139  ;  effect  if  rollers,  II, 
169,  170  ;  effect  on  growing  timber,  I, 
188;  effect  on  steeple,  II,  174-177; 
general  rule,  II,  138;  load  line  on 
roof.  II,  1G5-174  ;  on  roofs,  approxi- 
mate rule,  II,  140;  pressure,  see  .ffa-- 
amples :  pressure,  depends  on  incli- 
nation, II,  139,  140  ;  pressure,  how 
assumed,  I,  83 ;  pressure,  how  it 
acts,  II,  139,  140  ;  pressure  on  chim- 
neys, I,  148-150;  pressure  on  octago- 
nal  roof,  II,  178  ;  pressure  on  walls, 

I,  148,  149:  II,  178;  reactions,  un- 
equal,  II,   165-174;   reverses  str.ains, 

II,  138,  139  ;  slanting  surface,  II,  177, 
178;  steeple,  pressure  on,  diaeonally, 
II,  178;  strain  diagram.  II,  138,  139; 
to  overturn  roof,  II.  173-177;  wall, 
pressure  on.  I,  148,  149  ;  II.  178. 

Wire,  steel,  tests.  Table  XXXlV.End 
of  Vol.  II;  tinned,  tests.  Table 
XXXIV,  End  of  Vol.  II. 

Wood,  see  Cracks,  Timber:  compres- 
sion of,  per  square  inch.  Table  IV,  I, 
37-39;  decav  of,  I,  190,  191;  forma- 
tion of,  1,  186, 187  ;  heart  wood,  I,  ls7, 
188  ;  knots  in,  I,  18K  ;  luedullary  rays, 
I,  187  ;  methods  of  seasoning,  I,  189; 
quartering  explained,  I,  190;  season- 
ing cracks,  II,  187-189;  slirinkage  of, 
1,190;  strength  of,  per  stjuare  inch, 
Table  IV,  I,  .37-39;  weight  of.  Table 
IV,  I,  37-39  ;  wind  shakes,  1,  188. 

Wooden ,  see  Truss. 

Wooden  steeple,  wind  on,  example,  II, 
174-176. 

Wrinklintj,  See  Examples:  formula,  I, 
25;  plate  girder  Hange,  II,  135;  safe 
breadth  of  plates  to  resist.  Table  III, 
I,  26;  strain,  see    Table  111,  I,  26; 
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strain,  breadth  of  plate  required,  I, 
25-27;  strain,  thickness  of  plate  re- 
quired, I,  25-27. 

Wroiight-tron,  see  Column,  Iron,  Plate; 
analysis  of,  II,  8  ;  avoid  great  lengths, 
II.  51  ;  bar  iron  strongest,  II,  35  ; 
bases  preferable,  II,  207 ;  bending 
test,  II,  40,41  ;  case  hardening,  11,30, 
31  ;  classification  of,  II,  25-27  :  classi- 
fied. Table  XXIX,  End  of  Vol.  II  ; 
columns.  Table  XLIX,  explained,  II, 
208.  209;  columns,  safe  loads  on, 
TableXLIX,II,217;  columns,  shapes, 
II,  206-209 ;  compression,  example, 
II,  209,  210  ;  contraction  from  strain, 
II,  43-45;  cost  of  fitting,  II,  51,52; 
distiiiguished  from  steel,  II,  39  ;  dou- 
ble refined,  II,  16;  ductility  of,  11,41; 
economical  designing,  II,  50-54  ;  etifect 
of  blue  heat,  II,  36  ;  effect  of  cold 
rolling.  II,  36;  effect  of  different 
kinds  of  strains,  II,  48.  49  ;  effect  of 
rolling,  II,  17;  elasticity  of,  11,41-46; 
extension  from  strain,  II,  43-45  ;  extra 
refined,  II,  15,  16;  fracture,  II,  39, 
40  ;  free  from  carbon,  II,  1  ;  heat 
before  welding,  II,  35;  limit  for 
plates,  II,  51,  52  ;  manufacture  of,  II, 
12-18;  method  of  rolling,  II.  14,  15; 
muck  bar,  II.  13  ;  nature  and  use  of, 
chapter  on,  II,  1-55  ;  nature  of,  II, 
18 ;  Phffinix  columns.  Table  L,  ex- 
plained. II,  210,  211  ;  Phamix  col- 
umns, properties  of.  Table  L,  II,  218  ; 
pins,  compression  on.  Tables  XXXV 
—XXXVII.  End  of  Vol.  II;  pins, 
shearing,  bending  and  tension  of. 
Tables  XXXVIII— XL,  end  of  Vol. 
II;  piling  of.  in  rolling,  II,  13,  14; 
produced  from  pig,  II.  9;  puddling 
of,  II.  13;  refining  of,  II,  12-16;  re- 
rolling,  defect  of,  11,35;  r*!sume  of 
qualities.  II,  28  ;  result  of  re-rolling, 
II,  16,  17;  rivets,  safe  compression 
on.  Table  XXXV.  End  of  Vol.  II  ; 
rivets,  shearing,  bending,  and  ten- 
sion of.  Table  XXXVIII,  End  of  Vol. 
II;  safe  testing  strain,  II,  41,  42; 
single  refined,  II,  15;  sizes  <^i  flats, 
II,  52  ;  sizes  of  plates,  II.  51.  52  ;  sizes 
of  rounds.  II,  ,52  ;  sizes  of  squares,  II, 
52  ;  stress  for  rivets  and  pins,  II,  70  ; 
testing  of.  II,  39-42;  tests,  Tabla 
XXXIV,  End  of  Vol.  II;  tie-rods, 
tension  of.  Tables  XXXVIII— XL, 
End  of  Vol.  II  ;  use  of  olil  iron.  II, 
17;  weight  per  vard,  11,18;  zee  bar 
columns,  II.  207  2(l9. 

Wrouqht  steel,  tests.  Table  XXXIV, 
End  of  Vol.  II. 

Yard,  see  Table  LXII,  II,  262. 

Zee  bars,  columns  of.  II,  207-209. 
Xees.    list   of   Steel    and    iron,    Table 

XXV,  En<I<if  Vol.  I. 
Zigzag  riveting,  11,  62. 
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TABLE  XXX. 

Amount  of  Extension  and  Contraction,  in  inches,  of  Cast 
Wrought  Iron  Bars,  100  ft.  long,  under  different  strains. 


strain,  per  square 
inch,  in  pounds. 

C«ST 

RON. 

WROUGHT  IRON. 

unlrSn. 

Contraction, 

Extension,  under  len- 
under  compression. 

1000 

0,08308 

0,09155 

0,0444 

2000 

0,17150 

0,18404 

0,0889 

8000 

0,26638 

0,27747 

0,1383 

4000 

0.36442 

0,37185 

0,1778 

5000 

0,46890 

0,46715 

0,2222 

6000 

0,57874 

0,56341 

0,2667 

7000 

0,69893 

0,66061 

0,3111 

8000 

0,81446 

0,7.5875 

0,3556 

9000 

0,94036 

0,86782 

0,4000 

10000 

1,07160 

0,95784 

0,4444 

11000 

1,20830 

1,05880 

0,4889 

13000 

1,35014 

1,16070 

0,5338 

13000 

1,49744 

1,26354 

0,5778 

14000 

1,65010 

1,36733 

0,6222 

15000 

1,80810 

1,47205 

0,6667 

16000 

1,57871 

0,7111 

17000 

1,68432 

0,7556 

18000 

1,79186 

0,8000 

10000 

1,90035 

0,8444 

20000 

3,00978 

0,8889 

21000 

2.11904 

0,9333 

22000 

2,23145 

0,9778 

23000 

2,34370 

1,0232 

24000 

2,45690 

1,0667 

35000 

2,67103 

1,1111 

c 


TABLE  XXXI. 


Length  of  Cast  or  Wrought  Iron  Bars,  in  feet,  that  will  stretch  or 
contract  exactly  one  inch  under  different  strains. 


Cinin     in  pniinrfs, 

CAST   IRON. 

WROUGHT  IRON. 

per  square  inch.           Length 

Jm 

feet,  to        Length,  in  feet,  to 

Length,  in  feet,  to 
cither  extend  or 

1000 

204 

1094 

2260 

2000 

583 

543 

1125 

SOOO 

371 

360 

750 

4000 

274 

269 

662 

5000 

213 

214 

460 

6000 

173 

177 

375 

7000 

144 

151 

321 

8000 

123 

133 

281 

9000 

loe 

117 

2.50 

10000 

K 

104 

235 

11000 

8C 

94 

204 

ISOOO 

74 

86 

187 

18000 

6- 

79 

173 

14000 

6 

73 

161 

ISOOO 

5 

68 

160 

16000 

63 

141 

17000 

59 

132 

18000 

66 

12.5 

19000 

53 

118 

20000 

60 

113 

21000 

47 

107 

82000 

45 

103 

23000 

43 

98 

24000 

41 

04 

25000 

40 

90 

Proportions  for 


and  BOLT  HEADS. 


Thickness 
Rough. 


Thickness     „Short 
Finish.       Diameter 
Rough. 


Short 

Diameter 

Finish. 


Long  Long 

Diameter    Diameter 


Thickness 
Rough. 


Thickness 
Finish. 


yHj  /  Rough  Head=one  and  one-half  diameter  of  bolt  -|-  i 


QiJ  y  Finished  Hcad^one  and  one-half  diameter  of  bolt  -f  ,'^. 

m 

>■  I     I  ^i-l  R<JUgh  lif'a(l-=-ont'-liaIf  distance  between   parallel  sidey 


R<jugl: 

of  head. 


Finished  herul—diameter  of  holt — , 


TABLE     XXXIII.    Phoportioks  for 

SCREW  THREADS,                                                        NUTS, 

and  BOLT  HEADS. 

Diameter 

DUme.e, 

She 

Shoa 

Looir 

Long 

Thickness   Thickness 

Short 

Short 

Lo. 

1 

Sc?L. 

per  Inch, 

tS:' 

Flai." 

^Kough^ 

^ptaish!' 

Rough. 

Rough" 

"piZ'h!' 

Rough. 

Diameter 
Rough. 

Thickness    Thickness 
Rough.         Finish. 

B 

Ov^^'^ 
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e 
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II  Hi 
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^ 

fi 
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<$> 

-yrii^'^n 

u 
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! !   18   '.'. 

..     16    .. 
..     14    .. 
..     18    .. 

,240 
,294 
,344 
,400 

..    ,0083.. 
..   ,0074.. 
..    ,0078.. 
..    ,0088.. 
..    ,0096.. 
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,454 
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..li  .. 
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..H    .. 

..1«A 

..  1 .. 

..  1 .. 

..    i  .. 

..     11     .. 

,507 

..    ,0118.. 

..IV,  .. 

!!i    '.'. 

..1         .. 

..   *  .. 

■■{,.. 

..lA  .. 

..1     .. 

.  .li     '. 

..  1 .. 

■t-:. 

..     10     .. 
9    .. 

,620 
,731 

. .    ,012.';. . 
..   ,0138.. 

..li    .. 
..lA  .. 

■.-.It:: 

::lft  :: 

::^:: 

:;|:: 

;:lS:: 

;:1^,:: 

v.lt:: 

::1S:; 

::^s^: 

'.'.  s '.'. 

..  1   .. 

..      8     ,. 

,887 

..    ,0156.. 

..14    .. 

-.-.It:: 

..m  .. 

..11  .. 

-m  ■■ 

..  1  .. 

..{i .. 

..H    .. 

..lA  .. 

..1}  .. 

■m  • 

■■  41  .. 

■  ■  a  ■■ 

..  li  .. 

..      7     .. 
..      7     ,. 

,940 
1,065 

..    ,0178.. 
..    ,0178.. 

::F :: 

;:l^ ;: 

::ift;: 

::i|:: 

:i":: 

..1}  .. 
..lis  .. 

;1?.:: 

■■■■tiv. 

;;>:: 

•  ■lA  .• 

..  H  .. 

..      6     .. 

1.160 

..    ,0208.. 

..2A  .. 

. .2J    . . 

..3f5  . . 

..8A  .. 
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.  AA 
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..  H  .. 
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1,284 
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-.ItV  .. 

..w .. 
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..  u .. 

..      6J.. 

1,389 
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..2|^  . . 

..8i    .. 

..  If.. 

..IH  .. 

■•2J|.. 

..2      .. 

..21  .. 

..3      . 

:;iH :: 

..  u .. 

..      6    .. 

1,491 
l,6ia 

..    ,0850.. 
..    ,0260.. 

..2t     .. 
..2}S  .. 

::i|*:: 

::%:: 

..88}  .. 
..4A  .. 

..  U  .. 
..  1}  .. 

::l|*:; 

::^*|: 
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..  2  .. 

..     M  .. 

1,712 

..    ,0277.. 

..8*    .. 

,.3^ 

..H  .. 

■■4St  ■• 

..  2     .. 

..ly  .. 

..31    .. 

■■■ik:: 

..38    . 

■  .m  ■ 

..lA  .. 

..IH  .. 

..  2t  .. 

..    ^  .. 

1,062 

..    ,0277.. 

..84     .. 

..StV  . . 

.  .4A  . . 

..4rr  .. 

..  2i  .. 

. ■''^  ■• 

..»i    .. 

••<A  . 

..4S    . 

..IS  .. 

. .^A  •- 

..  H  .. 

..     4   .. 

2,176 

..    ,0812.. 

..3J    .. 

..8iS  .. 

..a  .. 

..2i.. 

••'tV  ■• 

..3}    .. 

..m- 

..41    . 

.■6|l  . 

..'« .. 

■  -^  •• 

..  a  .. 

..  ,    4    .. 

2,426 

..    ,0312.. 

..4i    .. 

..4A  .. 

..m  .. 

..6      .. 

..  H  .. 

..2+4  .. 

..4i    .. 

..4A  .. 

■m . 

..6      . 

..21   .. 

••2Ji  .. 

..  3  .. 

..      H  .. 

2,629 

..    ,0857.. 

..a   .. 

..*A  .. 

..5f    .. 

.■«H  ■ 

..  3    .. 

■m  ■■ 

..H    .. 

..4A  .. 

..61    . 

■Hi 

..2A  .. 

..211 

..  H  .. 

..      31  .. 

2.879 

..    ,0357.. 

..a     .. 

.  .m '  • 

..m  .. 

.  .7A  . . 

..  3i  .. 

•  -^  ■  ■ 

..6      ., 

.  .4^4  . . 

..5iJ  . 

::|: 

..21    .. 

..S^ff  .. 

::8:; 

. .      8i  . . 
..      3     .. 

3,100 
8,317 

..   ,0384.. 
..    ,0413.. 

..SI     .. 
..51     .. 

::t^  :: 

::?6:: 

::S*:: 

..Si.. 

■M'.: 

..6J     .. 
,.5l     .. 

:;i8:: 

■■M: 

::ll*:: 

::3||  :: 

..  4  .. 

.      3 

3,567 

..    ,0413.. 

..6i     .. 

..6A  .. 

..7A  .. 

..8H  .. 

..  4    .. 

..8|8  .. 

..6i     .. 

..6A  .. 

..7A  .. 

■  ■m  ■ 

..SA  .. 

..8H  .. 

..  4i  .. 

.      H  .. 

3,798 

..    ,0435.. 

..H    .. 

..6/f  .. 

ii;; 

..«,', .. 

..  4i  .. 

■  .^A  • . 

..6i     .. 

;:i:: 

••8H  • 

••9A  • 

..81    .. 

..■h'.  •■ 

.      2i  .. 
.      2}  .. 

4,028 
4,256 

..    ,0454.. 
..    ,0476.. 

..6}    .. 
..7i     .. 

::?!: 

:i§l  :; 
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'■'M'.'. 
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:i^*: 
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::lft:; 

..  5  .. 

.      2i  .. 

4,480 

..    ,0500.. 

•■'*    •■ 

■■'A  -■ 

..8H.. 

;il:: 

..  5    .. 

..4H  ■• 

..n  .. 

•  'A  .. 

..8fi  .. 

.lOH. 

..3»f  .. 

..4H  ■• 

..  5J  .. 

.      2*  .. 

4,730 

..    ,0.500.. 

..8      .. 

••'A  ■• 

..  m  .. 

..8      .. 

■•i'- 

•x  ■• 

.Ill}  .    ..4      .. 

..  6i  .. 

.      2i  .. 

4,953 

..    ,0526.. 

..m  .. 

■  ■ &tV   ■  ■ 

.iif .. 

..  5J  .. 

::S .: 

..81    .. 

.nV  ....4f,  .. 

..5J_  . . 

..  6}  .. 

.      2J  .. 

5,208 

..    ,0526.. 

..at   .. 

■  '^ft  •  ■ 

iioA  •• 

.121    .. 

..51  .. 

..81    .. 

.loS.. 

.124     ....4    .. 

..oU  .. 

..  6   .. 

.      2i  .. 

5,428 

..    ,0565.. 

..9i    .. 

••9A  .. 

.lOH  .. 

.12i|  .. 

..  6    .. 

■■Hi  ■■ 

..9i    .. 

::9A  '■'■ 

.12H  ....4A.. 

<§. 

y  Roufib  Nul=-=one  and  one-half  diameter  of  bolt  -\-  \. 

\  ®  /  Hough  Head— 

one  and  one-half  diameter  of  butt  -f  i. 

<1 

\ 

<  Ch)   )  Finislied  Head 

=one  and  one-half  diameter  of  bolt  +  i\. 

y  Finished  Nut^oue  and  oue-half  diameter  of  bolt  4-  iV' 

yjy 

K|    V* 

T-H 

t'  1    '  ■^[-1  Rough  hea(I=- 

Doe-half  distance  between  parallel  sides 

[EC 

I     Rough  Nut^diameter  of  bolt. 

L 1            of  head. 

U* 

1  Finished  Nut=diameter  of  bolt — 1\. 

\  in 

—diameter  of  bolt — ^. 

;tions  acros 


32000000 


24400000 


TIONS    ACROS 


16453000 
15483000 
15296000 
18767000 


TABLE     XXXIV. 
Reckot  Tests  op  Irons  asd  Steels. 

..... 

Remarks. 

Per  Ccni.  of 

Modulus  of  Elasticity,  in 
pounds-inch,  for 

TMision.  in  pounds,  pa 

Compression,  in  pounds,  per 

mSs    ,k„'i'""'gf™ 

Per  Cent. 
Elongation. 

Per  Cent. 

Contraction 
of  Area. 

i! 

12 

Autliority. 

Ifiitrltsli  SI,'i'l 
t'oiunilttft' 

iiaHseliiiiKfr 
Wattjrlown 

1 
5 

1 

i 

X..O.. 

Cross- 
Brealdog. 

Elastic  Limiu 

Ultimate 
Stress,  (. 

Elastic  Limit. 

Stress,  c. 

Ruptut«. 
iod?.T" 

per  square  inch. 
o-acTOB  gram. 
Oi-along  grain. 

Wrought 
Iron. 

Different  English  Irons. 

"        German      "    . 

American  Tie  Rod  3}'d. . 

"        I'd... 

'■"! 

N   SL 

28560000    28n?5000  1 

S   DIFFERENT   DIRECTIONS   ACR 

28.500 

22865 
32716 

66000              27600 
NO   THE   OBAIN. 

38085         

64416         

'o'.JM't<i'iii)o6 

O.-lSlofflXIO 

7,01  to  17,87 

5,0  to  61,4 

3,4 
21,0 

2,3 
48,4 

2 
8 
2 

13 
27 

soil 

62 
13 
0 

n 

6 
3 
8 
8 
11 

Wrought 
Steel. 

10'  Channel 

i' Rolled  Plate 

0,14 
0.51 
0,78 
0,96 

'.'.'.'.  SMOOOOli    SSJMOOO 

. . ,     si.twi«»i    S')r,<i(min 

;.;v ;;'i.-.uiiO0 

...      :• :-iiJliOO 

42000 
48400 
63200 
69000 

63000 
80000 
O300O 
118000 

39600 
40000 
53000 
71000 

41890 

i;-67000 
(7-59000 
ff-SSOOO 

23,6 
21,8 
14,3 
11,4 
0,6 

48.8 
40,2 

26.1 
10,1 
10,0 

Batischiiiger 

Cast,  Crucible 
and  Bessemer 
English  Steels 

Mean  of  27  samples 

Lowest  (Bessemer) 

Highest  (Caat) 

.;■ .    .;'-Piiiil)0 

-,l,,-,!,uu    -:;iinKJ0O 
39900000    ai.iOOOOO 

47600 
35840 
60480 

88800 
74000 
192600 

47000 
83600 
60480 

0,89 

tn 

18,01 

1,30 
to 

48,7 

EngliHli 

Steel 

Cotnmitt<n> 

American 
Steel. 

Tubes  for  Rifled  Cannon 
8*  Rifled  Cannon 

82  to  52000 
SO  to  67000 

68  to  91000 
74  to  115000 

46  to  54000 

83  to  104000 

4.7  to  30 

6.8  to  31 

11,8  to  .')«,3 
Oto57 

Watortown 
Arsenal 

Steel 
Wire. 

Am.  tinned  wr.  for  Can'n 
Foreign  wire      "       " 

160  to  181000 
264  to  329680 

8.4  to  21,8 
18,2  to  23,6 

1.5  to  80,6 
41 

13 
2 
1,6 

Caat 
Steels. 

Cast  Steel,  Open-Heartii 
Averaged  from  14  testa  < 
American  Steel 

0,55 
0,38 
0,50 
0,77 
0,96 

0.13 
0,23 
0,40 
0,46 
0,62 

0,06  &0,029i(  olphMptarai 

32000000 

24466666 

85  to  48000 
'"29126"' 

60  to  07440 
74000 
96000 
85000 
78000 
47264 

39  to  46000 

65  to  74800 

134340 

"iiias' 

8,0  to  18,0 

S3 

0 

1,5 

1,83 
0,4  to  20,0 

0,62 
0,66 
0,67 
0,64 

29120666 

Foster 

Abbott 

Steel. 

Bessemer  Plates . . 

TESTED    IN    SIX    DIFFERENT    DIRECTIONS    ACROSS    AND    ALONO    THE    ORAIN. 

n-eatooaan 

0,-4710110000 

Bauschinger 

44 

Malleable 
Cast  Iron. 

Square  }' American 

Rectangular  I'xf' 

Circular  i'  diameter. . .           '* 

German | 

1635 
2979 
2285 
1456 
9856 

36176 
84272 
38976 
31032 
36736 

8,8 
2,4 
8,5 
1,3 
2,5 

6,8 
6,6 
10,0 
8,0 
8,2 

Ricketta 
Martona 

Caat  Iron. 

American,  average 1 1 1 

i'  to  r  thick. .          All  undressed  (with  skin  on.) 
"          1'  thick the  dressed  ones  (planed.)  were 

16458000 
15483000 
15296000 
18767000 

17  to  30740 

48  to  54800 

44680 
40040 
37039.. 
80600 

Watortown 
Araeuul 

2' thick 

and  re.sult3  i 

ore  regular. 

2 
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TABLE    XXXV. 
Beaking  Values  for  Ikon  and  Steel  Rivets  and  Pins. 


o5'|                                                                                   Beasino  Values  (in  lbs.)  foe  Weocght  Ieo.v  Take.-i  at  12000  Lbs,  per  Square  Isca.                                                                                | 

0 
200 
400 
600 
800 
1000 
1200 
1400 
16U0 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3200 
8400 
3600 
3800 
4000 
4200 
4400 
4600 
4800 
6000 
6200 
6400 
6600 
6800 
6000 
6200 
6400 
6600 
6800 
7000 
7200 
7400 
7600 
7800 
8000 
8200 
8400 
8600 
8800 
9000 
9200 
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TABLE  XL. 
Sheaking,  Bending  and  Tensional  Values  for  Ikon  and  .Steel  Pins  and  Rods  3  to  6  Inches  in  Diameter. 
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To  Obtain  Safe  Load  in  Tona 


W,,,=  W,„,=- 


Longth  of  span  not  to  crack 


ft  Actual  Defleotlon 


=  D£PTH  IN  inches;    L- 


-  DEFLECTION   1 


r 
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OF  Span  ix  Feet. 
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If  Angle  Bars  are  of  Steel  all  Uivets 
Must  be  ok  Steel. 

For  Steel  Angle  Uaiis 
Add  ono  quarter  U>s;ife  loadoii  iron  I>iir»,  hut  length 
of  span  (in  feet)  must  not  excoed  twiro  llio  depth  of 
girder  (in  inches)  or  dellucliou  will  he  too  groat  for 
plastering. 


LRCTiON,  Etc.,  See  Table  XLI. 


TABLE  XLII. 

Wkodght  Iron  Riveted    Girders.— Strength  of  the  Angle  Bars. 


Strei^gth  of  Flanges. 


Length  of  Span  in  Feet. 
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To  Obtain  the  Actcal  Strength  ok 
Flange  in  Tons. 

Multiply  tlie  safe  uniform  load  (F)  by  the  ef- 
fective width  of  flange,  that  is,  tiie  total  widlli 
of  cither  flange,  less  the  greatest  nuiiiher  of  riv- 
et holes  coming  on  any  line  drawn  across  the 
top  of  flange,  and  at  right  angles  to  same  (us- 
ually two  rivet  holes). 

Never  use  less  than  oiu-quartcr  iiuh  thick 
plates. 


For  Stki;i.   Fi.an<;ks. 
Add  one-quarter  to  safe  loail  on  iron  flange, 
hut    length    of  Hpan   (in  feit)  munt  net  exceed 
twice  the  depth  (in  inchcii)  or  ilcllcction  will  lt« 
too  great  for  phmtering. 


;ctiox,  Etc.,  Skk  Table  XLI. 


TABLE  XLIII. 

Wrought  Ikon   Riveted  Girders. — Strength  of  Flanges. 
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